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Chapter 1
EXECUTIVE SUMMARY

OBJECTIVES OF THE STUDY

This report was prepared for the Office Assistant Secretary of Defense,
Manpower, Reserve Affairs & Logistics. The study was prompted by concern
that the AVF faces serious manpower supply problems over the next decade.
Specifically, four issues were addressed in the study:

e What effect, if any, will the projected decline in the youth popu-
lation (17-21-year-old) have on quality enlistments over the next decade?

e What will be the effect on the supply of quality enlistments if
the economy continues to improve and the unemployment rate continues to
decline?

e If the decline in quality enlistments is projected over the next
decade, what additional recruiting resources will be required to offset
this decline?

e What are the manpower.policy implications of attempting to sustain

the AVF in the face of potential shortages of quality volunteers?

METHODOLOGY EMPLOYED

The analysis consists principally of the development of an econometric
model that relates numbers of accessions to several "explanatory" variables
that are hypothesized to affect numbers of accessions. These relationships
are then used to estimate future accession levels once future values of the
explanatory variables have been projected or hypothesized. Finally, a
sensitivity calculation is made to show how future accession levels can be
affected by changes in those explanatory variables under the control of the

Services.

Selection of the Variables to be Included in the Model

Based upon a host of other studies that have attempted to forecast
enlistment supply and the desirability of empirically testing the effect
of population on enlistments, the following five variables are included

in the model.
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‘0 Quality enlistments. The dependent variable used in this analysis

is the number of non-prior-service, male,diploma high-school graduates (DHSG) in
the upper 50th percentile of the standardized mental test score distribu-
tion (mental categories I-IITA). A fundamental assumption of the analysis
and the rationale for the selection of this dependent variable is that this
group is "supply-limited;" that is, the number of quality accessions is
limited by the supply of such persons that can be induced to join the mili-
tary, rather than by the military's demand. This assumption also implies
that other qualified but less preferred groups are currently in excess

supply and the Services can administratively control the number they desire
to have enlist. These "demand constrained" groups include female high-school
graduatesj prior service personnel; male,mental-group IV, high-school gradu-
ates; and, to some extent, male,mental-group IIIB, high~school graduates.

This latter group appears to be administratively controlled by the Air Force
and the Navy and, to a lesser extent, by the Army and Marine Corps. A
separate dependent variable was created for each Service as well as by

race (white and non-white).

e Quality population. The first independent variable used in the

model is the number of Qualified Military Availables (QMAs) that is con-
tained in the relevant market recruited by the Services. The segment of

the QMA market that was used in this analysis is the population of NPS,
diploma high-school graduate, 17-2l-year-old males, classified in mental
categories I-IIIA, and not pursuing further schooling. Nationally, this
subpopulation accounts for approximately 6 percent of the military available
(MA) population. Both the enlistment and QMA counts were split by Service,
mental group and race for male diploma graduates and are shown on Table 1.1.

® Recruiters on stations. The recruiter variable used in this

analysis consists of estimates of production recruiters on station as of
31 October 1976. This was the only state level estimate of recruiter
strengths available and it is presumed that the distribution of recruiters
on this date is comparable to the average distribution during CY 1975.

The fact that the recruiter variable entered in a large and statistically
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significant manner for each of these Service- and race-specific models
tends to confirm that the assumption concerning recruiter distributions
was correct.

e Unemployment. The variable used in these models represents general

unemployment as a percent of the labor force and was extracted from the
Employment and Training Report of the President (1976).

e Civilian pay. 1In order to account for regional variation and

economic attractiveness of military service as an alternative to civilian
pursuits, a civilian pay variable was included in the model. The data for
this variable were extracted from Table C.13, "Salaries and Earnings of

Production Workers on Manufacturing Payrolls by State and Selected Areas,"

in the BLS report, Employment and Earnings for August 1976. Payroll data

used in the model are for June 1976.

Selection of the Model

A cross-sectional model was selected, involving a single annual obser-
vation on each of the 50 states in the U.S. This form of a model, rather
than a time series model, was selected to obtain a sufficient range of
values for each of the variables (especially population) to permit accurate
estimation of the statistical relationships among the variables. Without
the cross-sectional dimension to the model, there would not have been enough
variation in the population variable over time during the felatively short
period since the beginning of the AVF. Once a cross-~sectional model was
selected, only one year's data could be used because, at the time of the
analysis, data on recruiter allocation across geographical area were avail-
able for only a one-year period.

A multiplicative Cobb-Douglas form of model was selected because it

would be least sensitive to possible inaccuracies in the source data.

Estimation of Model Parameters

Conventionally, parameters of a multiplicative Cobb-Douglas model are
computed by converting the model into its companion log linear form and
solving for the approximate elasticities using a standard linear regression
package. This procedure was not employed in the present analysis because it

was found to produce significantly erroneous results. Rather, an improved




technique, called the Gauss-Marquardt least squares algorithm, was employed
to obtain estimates not subject to the weaknesses of the conventional approxi-

mation procedure.

SUPPLY EFFECTS OF THE MODEL PARAMETERS

The elasticity of an explanatory variable is the percentage change in
the dependent variable (in this case, NPS male HSG I~IIIA enlistments) with
respect to a given percentage change in that explanatory, or independent,
variable (population, unemployment, etc.). Elasticities of all variables
in the model are summarized in Table 1.2. The data show, for example, that
the population elasticity for Army white enlistments is .65. This means that
a 10 percent change in this population category will result in a 6.5 percent
change in white quality enlistments for the Army. While separate elasticities
were computed for each Service by race for each of the variables, composite
elasticities were also computed; these are shown on Table 1.3 on page 7.

Based on the individual and composite elasticities, the following
observations appear relevant to this study.

e Population effect. The computed population elasticity for each

Service is positive and significant; but,in each instance,the value is less
than 1.0, meaning that a less-than-proportional decline in quality enlist-
ments is expected to occur for a given percentage decline in the rele%ant
youth population. The largest absolute and relative declines due to popu-
lation are anticipated to occur in the Army while the smallest but still
significant effect of the population decline impacts on the Air Force.
Smaller population elasticities suggest a condition of excess supply of
enlistable volunteers to a Service. This implies that the Air Force has
the largest surplus and the Army the lowest (if any) and is thus the most
sensitive to changes in population.

e Race-specific population effects. With the exception of the Air

Force, population effects examined by race show that white enlistments are
more sensitive to change in the white population than non-white enlistments
are to changes in the non-white population. Since the real decline over the
next decade in youth population is expected to occur in the white population,
the differences in these elasticities tend to exacerbate the imbalance in

the racial mix of enlistments when examined by Service.
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Table 1.2
FINALIZED SUPPLY MODELS FOR I-IIIA, DHSG ACCESSIONS

White Non-white
Standard Standard

Parameter Value error Value error

c 4.50 22.41

€ .65 .10 .41 .15

€. .34 .09 .54 .20
Army € .34 .11 -.42 41

€, 1.16 .24 .4.11 .56

R? . 9624 .7505

c 3.54 7.02

€q YA .07 .35 .08

€ <56 .06 .63 .08
Navy € -0- -.53 .19

€, .61 .23 1.18 .32

R2 .9678 .9310

c 1.85 5.99

€q .20 .09 .64 .08

€ .73 .09 .21 .08
USAF € .25 .12 -0-

€, -0- 1.17 .37

RZ . 9495 .8755

c -.76 5.31

€4 .57 .09 .55 . 10
USMC € _ .37 .08 .26 .10

€, -0- -0-

€ -0- 1.04 .45

RZ .9579 .8243




Table 1.3

NON-RACE-SPECIFIC SUPPLY MODELS FOR I-IITA DHSG ENLISTMENTS
(Values shown in the table represent elasticities)

Marine Air DOD
Parameter Army Navy Corps Force White Non-white Total
Constant 7.11 3.81 .12 2.26 2.88 12.82 4.01
eq(population) .62 .43 .57 .24 .46 47 .46
Er (recruiters) -37 057 035 068 051 .44 .50
eu(unemployment) .23 -.04 -0- .23 .17 -.28 .12

€, (pay) 1.59 .65 .15 .12 .55 2.36 .76

e Recruiter effect. The recruiter variable shows a positive and

significant effect on quality enlistments for each Service. Relative mag-
nitude of the recruiter effect when examined by Service shows a pattern
opposite that of the population effects; that is, Air Force quality enlist-
ments which are the least sensitive to population changes of the four
Services are most sensitive to changes in the recruiter force. These
differences are best exemplified by the marginal productivities of the

respective Service recruiters which are computed from these elasticities.

Table 1.4

MARGINAL PRODUCTIVITIES OF SERVICE RECRUITERS
FOR NPS MALE, DHSG, I-IITA ENLISTMENTS
(at CY 1975 supply levels)

Army Navy Marine Corps Air Force
4.3 8.5 4.3 16.5

The results show that the Army and the Marine Corps have equivalent
capability at the margin while the Navy and Air Force recruiters are two
and four times as productive, respectively. These results are consistent
with other evidence that enlistment preferences of youth differ markedly

by Service. While youth generally express a preference for more than one

.
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Service, the Air Force has a broader appeal to youth than the three remain-
ing Services. This enlistment affinity for the Air Force is reflected in
their production statistics.

e Unemployment effects. Interpretation of the results of the unem-

ployment variables included in the model is not as clear and consistent as
are the other parameters. Over all, the most significant unemployment
effect is observed in the Army supply models. With regard to white Army
enlistments, increasing unemployment has a positive effect, while for non-
white Army enlistments it has a negative effect. The positive unemployment
elasticity is what one would normally expect since depressed economic con-
ditions make the military a more attractive option to a greater segment of
the youth population. The anomolous effect of a rise in hon—white enlist~-
ments as unemployment declines could be due to a number of reasons. One
possible explanation is that non-whites traditionally are the last to be
employed. Hiring practices by private employers under conditions of labor
surplus typically result in a preference for white over non-white new hires.
Thus, employment patterns in the civilian sector during certain phases of
a business cycle can affect the racial composition of enlistees if the
Services are recruiting in a nondiscriminatory mode. With respect to Navy
enlistments, no unemployment effect for white enlistments was observed
while a similar negative unemployment effect on non-white enlistments was
observed. With respect to the Air Force, the opposite pattern occurred,
that is, white enlistments appear to be affected by unemployment while
non-white enlistments were unaffected. This latter observation may be
attributed to the small size of the Air Force non-white enlistment popula-~
tion. No unemployment effects were observed on Marine Corps enlistments,
either white or non-white.

e Compensation effects. The compensation variable is significant and

relatively large for both Army and Navy enlistments. Further, when examined
by race, the pay effect on Army non-white enlistments is approximately three
and one-half times larger than for Army white enlistments. This observed
difference is consistent with data that show significant differences in
earnings potential for whites and non-whites. Thus, a comparable non-

discriminatory salary offered by the military should be relatively more




attractive to the non-white population. A similar although not as extreme
effect is observed with respect to pay on Navy enlistments. Regarding the
Air Force and the Marine Corps white enlistments, the pay variable had no
effect. A noticeable effect of a magnitude similar to that of the Navy

was observed for non-white enlistments. Again, civilian sector pay differ-

ences between whites and non-whites seem to be operative here.

ENLISTMENT FORECAST RESULTS

In order to generate enlistment forecasts over the next decade, it was
necessary to develop forecasts of the four independent variables included
in the model. Since in large part the objective of the.study was to measure
the impact that a change in population and unemployment would have on en-
listments, the other two variables — number of recruiters and relative
military/civilian compensation — were presumed to be held constant through-
out the forecast period. Should this assumption be altered, different
enlistment forecasts would necessarily occur. The assumption particularly
with respect to compensation is not without its budget implications since a
major share of the increase in manpower costs over the past several years
has been driven by the need to maintain comparability with the civilian
sector, and undoubtedly it will remain an expensive feature of the defense
budget.

‘Some valid criticism attaches itself to the use of cross-sectional
results in time series models. This technique is not without precedent,
however. Economists, badgered by problems analogous to those afflicting
this study, have traditionally resorted to just such an approach in demand
studies. The technique is now standard; but after over 20 years of debate,

basic questions of appropriateness have not been resolved.

Population Forecast Variable

The forecast of populatlon trends employed in the enlistment supply
models are data developed by the U.S. Census Populatlon Serles II. The
trend in the 17-21-year-old malem;;;uletion is depicted graphlcally on |
Fig. 1.1 on the following page.

As a general overview, these census population trends for 17-21-year-

old males show that:




@ Total population for this group increases by 3 percent from 10.5
to 10.8 million over the period 1975-1978; however, in the period 1978-1990
the same group decreases by 17 percent, from 10.8 to 9.0 million.

e The white population increases by 2.4 percent, from 9.0 to 9.2
million over the period 1975-1978, and decreases 20 percent from 9.2 to

7.4 million over the period 1978-1990.

[ wntee
m Non=-whits
12.04
10.5¢
i~ 9.04
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Fig. 1 .1— POPULATION OF 17-21 YEAR OLD MALES
US CENSUS SERIES II
(In millious)

e In contrast to the white population, the non-white population
increases 11 percent, from 1.5 to 1.7 million over the period 1975-1982,

and levels off at 1.6 million by 1985.

Unemployment Forecast Variable

The forecasts of unemployment that are used as input for the supply
model are those developed by the Congressional Budget Office and are the
same ones used by CBO in forecasting enlistment supply in a recent budget

1/

issue paper.= Table 1.5 displays the historical trend in general in male

youth unemployment rates as well as the CBO projectionms.

1/

= The Costs of Defense Manpower: Issues for 1977, Congressional
Budget Office, Congress of the United States, Washington, D.C., January
1977, especially Appendix A.
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Essentially, CBO is forecasting the general unemployment rate will

decline by some 45 percent over the decade 1975-1985.

Table 1.5

GENERAL AND 18-19 YEAR MALE UNEMPLOYMENT
RATES: HISTORICAL TREND AND CBO PROJECTIONS

CBO Projections
Actual rates ‘ (Jan '77 projection)
Total 18-19 year 18-19 year

Year | rate males Year Total rate males

1972 5.6Z7 14.07% 1978 7.3%Z 17.2%

1973  4.9% 11.4% 1979 7.0% 16.5%

1974  5.6% 13.3% 1980 6.3% 15.3%

1975 8.5% 19.07% 1981 5.7% 13.9%

1976 7.7% 17.6% : 1982 5.1% 12.7%

Mar '77 7.3% 17.2% - 1983-85 4.67% 11.47
Jun '77 7.1% N/A

Quality Enlistment Forecasts

Using the Census Population Projections and the unemployment forecasts
developed by CBO, the Service-and race-specific supply models developed in
this study produced quality enlistment forecasts as shown on Table 1.6.

The data show that if none of the relevant variables change except
population and unemployment, the Services are likely to recruit 22,000
fewer quality enlistments by 1986 than obtained in 1975. While the aggre-
gate decline is approximately 16 percent for DOD, the Army experiences the
largest decline, with the Air Force ranked second, followed by the Marine
Corps and Navy. The population and unemployment effects on the Marine Corps
and Navy quality enlistments are much less significant, primarily because of

minimal or nonexistent unemployment effects.

Changes in the Racial Mix of Quality Enlistments

Included in Table 1.6 are estimates of the racial mix of the quality
en;istment group. The Army, for example, has a sizable decline in quality

enlistments coupled with a rise in the proportion of these enlistments that
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are -non-white. The significant increase in the proportion of quality non-
white enlistments entering the Army by 1986 can be accounted for by the
inverse unemployment effect described earlier, that is, a decline in unem-
ployment tends to reduce white quality enlistments but increase non-white
quality enlistments. Changes in non-white enlistment proportions in the
other Services are not as dramatic, primarily because of the minimal or

nonexistent impact unemployment has on quality enlistments to these Services.

ACCESSION BUDGET IMPLICATIONS OF THE ENLISTMENT SUPPLY FORECASTS

There have been a number of studies ongoing within DOD and elsewhere
which are examining the feasibility and cost of satisfying its manpower
requirements with alternative sources of supply. This includes greater
use of women, civilians, contract hires, and prior service personnel. As
a complement to these studies, it was decided to estimate what the cost is
likely to be of continuing the present policy of recruiting male high-school
graduates in numbers sufficient to maintain the current quality mix. Again,
it was assumed that relative civilian/military compensation remains constant
ever -the next decade and that the additional costs that accrue to the acces-

sion budgets are due solely to declines in both unemployment and population.

Optimal Accession Budget Allocations

In order to estimate the budgetary implications of the enlistment
shortfalls, an optimal budget allocation model has been employed. This
model was developed under previous contract work for Department of the Army
and Office Secretary of Defense. 2/ Two fundamental assumptions were implicit
in the modeling methodology. First is that the programs diminish in effec-
tiveness at an exponential rate and at some point provide no additional
enlistments for each increment in the budget. The second assumption is
that various accession programs such as recruiters, advertising, and recruiter

aids are to some extent substitutes for one another.

Accession Budget Production Functions at CY 1975 Enlistment Supply Levels

Based on output from the optimal budget allocation model, Fig. 1.2
displays the series of accession budget production functions for CY 1975

enlistment supply levels.

g-/Docurnentat:i_on Report to Support the Analysis for Management of
Recruiting Resources and Operations (AMRRO) System, General Research

Corporation, CR-189, June 1977.
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Fig. -1.2—Accession Production Functions
NPS Male, DHSG, I-IIIA (at CY 75
supply levels)

The numbers annotated on each curve represent the marginal accession
costs of recruiting the next additional quality enlistment at CY 1975
supply levels. What is most apparent in the curves is the difference in
production capability between the Marine Corps and Air Force. It would
appear that the Air Force can recruit essentially an unlimited supply of
volunteers with only minimal increases in ité marginal cost. The slope
of the Air Force production function is consistent with the broad appeal
the Air Force enjoys among the enlistable market. The Marine Corps is at
the other extreme — it appeals to only a select segment of the market.
The Marine Corps' recruiting strategy, which appears successful at current

accession rates, presents a higher risk strategy when compared to the other
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Services. Any increase in quality enlistment requirements for the Marine

Corps will tend to drive up marginal recruiting costs much more sharply

than the other Services.

Shifts in the Accession Budget Production Functions

Reduction in supply due to declines in unemployment and population

tend to shift these Service accession production functions upward and

to the left. This effect is depicted in Figure 1.3.
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Fig. l.3— Army Accession Production Functions
NPS Male, DHSG, I-IIIA
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- This figure shows schematically the magnitude of shift in the Army
production function that should occur when the supply of the enlistable
market is reduced by declines in unemployment and population through
projected CY 1986 levels. The curve labelled I is essentially an expanded
version of the Army production function curve shown on Fig. 1.2. This is
the production function the Army operated on when CY 1975 population and
unemployment conditions were in effect. Point A represents the recruiting
environment under CY 1975 resource levels. The slope of the curve at
Point A ($4,450 per acéession) is the marginal cost of recruiting the next
additional quality enlistment in the CY 1975 recruiting environment.

The curve labelled II is the anticipated production function the Army
will face at CY 1986 enlistment supply levels. Assuming no change in the
accession budget beyond that established in CY 1975, Point B shows that
the Army can anticipate recruiting 21 percent fewer enlistments should it
decide (or be forced) to maintain a status quo in its accession budget.
Should the Army wish to restore the total number of enlistments lost due
to the population and unemployment decline, it will have to increase its
accession budget along production function II up to Point C. At that
point, it will have achieved the same number of enlistments it realized
in CY 1975 but the marginal cost of the next additional enlistment is
approximately three times larger than it was in CY 1975 conditioms.

The curves shown in Fig. 1.3 indicate that without changes in the
attractiveness of Army Service, a $90 million per year, i.e., a 56 percent,

increase in the accession budget will be required by CY 1986.

Accession Budgets Required to Eliminate Quality Enlistment Shortfalls

The size of the accession budget for each Service required to overcome
projected declines and their enlistments is shown on Table 1.7. As stated
earlier for the Army, the table shows that a 21 percent shortfall in quality
enlistments is projected by 1986 and a constant dollar increase in the ac-
cession budget of 56 percent will be required to increase the Army's market
penetration sufficiently to offset this shortfall in enlistments.

The Navy's situation is much less severe than the Army and a shortage

of enlistments is not projected until after 1982. This shortfall is
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expected to be less than 6 percent and a constant dollar increase to the
accéssion budget of less than 4 percent would be sufficient to compensate
for the Navy's shortage. In relative terms, the Marine Corps' projected
shortfall is slightly larger than the Navy. A 10 percent increase in the
accession budget will be required by 1986 to offset their projected short-
age in quality enlistments. The relative shortfall projected for the Air
Force is second only to the Army. A steady decline in quality enlistments
is projected over the decade. This is projected to be 13 percent below
the CY 1975 base levels. In spite of this relatively large decline for
the Air Force, only a modest increase of 7 percent in the accession budget
would be required to eliminate the shortfall. This relatively small in-
crease in the Air Force accession budget reflects their highly productive
recruiter force which at the margin is four times more productive than Army

recruiters for the same quality group.

NEED FOR ADDITIONAL RESEARCH

This analysis has been a pioneering effort because no previous studies
have been conducted that treat QMA population as an explanatory variable in
the supply equation for volunteer enlistments. Previous studies have assumed
that the supply of accessions varies proportionately with population and
that this proportional relationship holds for all Services. The GRC analysis
indicates that this popular assumption is not correct, that accession supply
varies less-than-proportionately with population, and that this relationship
differs among the Services.

Table 1.8 shows the implications of the GRC findings by comparing two
projections of accession supply: one based on the GRC model, the other
based on the assumption that supply varies proportionately with population.
(Under both assumptions, the projections reflect the effect of projected
changes in unemployment rates on the level of quality accessions. These
effects differ among Services.) Table 1.8 shows that the projected decline
in accessions between 1978 and 1986 will be only about half as great for the
Navy, Marine Corps, and Air Force as would have been expected under the as-
sumption of a proportional effect. The projected declines are most similar
for the Army because the GRC analysis finds the population effect for the

Army to be the closest to a proportional effect of all the Services.
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Table 1.8

PROJECTED DECLINES IN QUALITY ACCESSION LEVELS
UNDER ALTERNATIVE ASSUMPTIONS CONCERNING
POPULATION EFFECTS &/

(Percent change 1978 to 1986)

Proportionalityb/
GRC model assumed -
Army - 20% - 247
Navy - 7 - 14
Marine Corps - 9 - 15
Air Force - 11 - 24

é-/Assumes CBO unemployment projection of January 1977.

b/

—' Assumes effects of variables other than population are as estimated
in the GRC model.

No claim is made here that this analysis conclusively establishes the
effects of population. Ideally, a time-series model would have been
developed to analyze the effect of population changes because policy makers
interested in this effect naturally want to apply the results of any popu-
lation analysis to f;fﬁ;éuéituations — by definition, a time-series
application. GRC purposely selected a cross—-sectional, rathe; tﬁan.;”time-
series, model because time-series data brovided too little variation in
population over the AVF period to support valid statistical estimates.
Although this decision was appropriate, it was not without its problems.

Some rather stringent assumptions have to be true before a cross-
sectional model can be applied to time-series projections. These assump-
tions are least likely to be true if the model is incompletely specified —
that is, if one or more variables are omitted from the model that are
correlated with variables that are included in the model. This could
result in attributing the effects of the omitted variables to the included
variables, which would distort any projections based on-the model's para-

meters. For this reason, additional research is required to determine
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whether different or additional variables should be included in the model
and to test whether the model's results are stable when the model is applied
to additional data. Possible modifications to the model include the use

of youth unemployment rates and race-specific unemployment data rather than
general unemployment rates. In addition, earnings statistics more élosely
tied to the youth labor market could be substituted for the manufacturing
earnings data used in the present analysis.

This additional research was not possible in the present study because
of study resource limitations. GRC believes strongly that this study ought
not to be ignored but, rather, that it be supported with additional analysis.

Also because of resource limitations, the present analysis does not
address the implications of the study findings for the optimal allocation
of recruiters across geographical areas. In general, the Services tend to
allocate their recruiters in proportion to population; the findings of the
GRC model indicate that the best relationship between recruiter level and
population is not a simple proportional one and that, in addition, the best
relationship depends on unemployment rates and relative civilian wages
across geographical areas. With modest additional analysis, it would be
possible to calculate how much quality accession levels could be increased

by reallocating recruiters.
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Chapter 2
BACKGROUND AND PURPOSE

OBJECTIVES OF THE STUDY

This report was prepared for the Office Assistant Secretary of Defense,
Manpower, Reserve Affairs and Logistics. The study was prompted by concern
that the AVF faces serious manpower supply problems over the next decade.
Specifically, four issues were addressed in the study:

e What effect, if any, will a projected decline in the youth
population (17-21-year-old) have on quality enlistments over the next
decade?

e What will be the effect on the supply of quality enlistments if
the economy continues to improve and the unemployment rate continues to
decline?

o If a decline in quality enlistments is projected over the next
decade, what additional recruiting resources would be required to offset
this decline? '

e What are the manpower policy imﬁlications of attempting to sustain

the AVF in the face of potential shortages of quality volunteers?

BACKGROUND INFORMATION SUPPORTING THE RATIONALE FOR THE STUDY

High-School Graduates: The Quality Recruiting Market

In examining public testimony, it is quite clear that DOD has measured
the success of its AVF accession program by the number of male high-school
graduates they are able to recruit. There are essentially two reasons for
this. The first is that high-school graduates in contrast to non-graduates
represent a better employment risk and the services typically experience
considerably less attrition with a high-school graduate, as is evident

from the following table.

2-1




Table 2.1
TRENDS IN MALE ENLISTED ATTRITION RATES DURING THE FIRST

TWO YEARS OF SERVICE
(All services combined)

Percent attrition by year of accession

Cohort FY 1971 | FY 1972 | FY 1973 | FY 1974
Total males 20.7 21.3 23.6 29.1
Male HSG 14.3 15.5 17.1 17.9

a/

Male non-HSG— 32.2 32.4 35.2 41.7

E'-/Includes GEDs

Source: Defense Manpower Data Center

While the overall trend shows that attrition has been rising, male high-
school graduates experience an attrition rate of less than one-half that
of their non-graduate counterparts. Given the failure rate of non-

graduates and the attendant costs assoclated w1th them, 1t 1s understand—

able why the serv1ces concentrate thelr _energy and ‘Tesources on recrult-

ing hlgh-school graduates.

The second reason for recruiting high-school graduates is basically
that they are an identifiable market with uncertain career aspirations
that can be both contacted and influenced by military recruiters. In
certain respects, high-school seniors can be considered a homogeneous
market who are segmented by the educational system. Once high-school
seniors graduate, they become less easily identified and have, for the
most part, already made career commitments that would exclude them as good
prospects by military recruiters.

One should not conclude from this, however, that the male high~school
senior segment of the youth population is the only market recruiters actively
pursue, but it is unquestionably their prime target at present. In view of
the fact that this market will tighten considerably, the services will have

to both sharpen their recruiting techniques as well as broaden the enlistable




markef by more active recruiting of alternative sources of supply,
particularly females and possibly college students. At the present time,
slightly more than half of the graduating class of male high-school
seniors continue their education in institutions of higher learning. It
is worth noting, however, that approximately 40 percent of this group
leave these institutions by the end of 3 years. Surprisingly, quite

a few of these individuals enlist in the military as evidenced by the
fact that approximately 15 percent of NPS enlistments, responding to a
May 1975 AFEES survey, claimed some post-high-school educational exper-

ience prior to enlisting.

Trends in High-School Graduate Enlistments,

For the 12-month period ending June 1977, the services enlisted a
combined total of approximately 260,000 diploma high-school graduates or
67 percent of their NPS male and female accessions. This is roughly
5 percent fewer than the number recruited in the previous 12-month period,
and the majority of this decline occurred in the Army. The trend in the
proportion of NPS enlistments who are high-school graduates appears in
the following table.

Table 2.2

TRENDS IN DIPLOMA HIGH-SCHOOL GRADUATE ACCESSIONS
EXPRESSED AS A PERCENT OF NPS ENLISTMENTS

Marine Air

Fiscal year Army Navy Corps Force DoD
FY 1964 &/ 67 58 61 84 68
FY 1971 62 75 48 85 69
FY 1973 60 71 51 87 67
FY 1974 50 52 50 92 61
FY 1975 58 71 53 91 65
FY 1976 59 76 62 89 69
Jul76~Jun77 54 73 67 87 67
FY 1977 2/ 52 71 65 87 65

é-/Some GEDs included.

E-/Through June.
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Statistics presented in this form result in no clear pattern of the quality
mix in military enlistments. There are probably as many administrative
controls as there are market forces that are affecting high-school graduate
accession rates for each service. The Army at present is several percentage
points behind its objective of 68 percent diploma graduates and it appears
very unlikely that such a target is attainable at present accession re-
quirement levels. Overall, the Marine Corps shows the best improvement in
its high-school graduate mix, but is still below its target of 70 percent

diploma graduates of NPS enlistments. While it is difficult to say cate-

gorically that DOD is experiencing a downward trend in its high-school graduate

enlistment level, it is clear that at best they have reached a plateau.
The major reason for hesitancy in claiming a clear downward trend in high-
school enlistments is the fact that the stock of high-school graduates in
the Delayed Enlistment Pool is approximately 60 percent higher than the
like period last year. This growth in the DEP can be partially ascribed
to the cancellation of the GI Bill program at the end of 1976 and the
corresponding surge in DEP enlistment contracts signed prior to the end

of that year.

Trends' in Unemployment

One of those market forces that appears to affect the level of quality

enlistments is the civilian unemployment rate. Trends and progections of

these unemployment rates are shown in the following table.

Table 2.3

GENERAL AND 18-19 YEAR MALE UNEMPLOYMENT RATES:
HISTORICAL TREND AND CBO PROJECTIONS

CBO Projections
| Actual rates (Jan '77 projection)
Total 18-19 year 18-19 year
Year | rate males Year Total rate males
1972 5.6% 14.07% 1978 7.3% 17.2%
1973 4.,9% 11.47 1979 7.0% 16.5%
1974 5.6% 13.3% 1980 6.3% 15.3%
1975 8.5% 19.0% 1981 5.7% 13.9%
1976 7.7% 17.6% 1982 5.1% 12.7%
Mar '77 7.3% 17.2% 1983-85 4,672 11.4%
Jun '77 7.1% N/A
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CY 1975 represents a peak year of unemployment and the trough of the most
recent economic recession. This is also the year analyzed by GRC to
estimate the effect that unemployment,compensation,population and recruiters
have on quality enlistments across the 50 states and the District of
Columbia.

The unemployment projections shown on Table 2.3 are the same ones used
by CBO in forecasting enlistment supply in a recent issue paper.;/ These
same unemployment projections developed by CBO are used in this report to
develop enlistment forecasts. Note that a comparison of the actual rates
with the CBO projections shows that the.curéent (June 1977) general unem-

ployment rate is already below the average projected by CBO for 1978. 1If -

- this trend continues, the effect that declining unemployment has on enlist-

ments will be more immediate. This fact should be kept in mind in evaluating

the validity of the estimates developed in this report.

Trends in Youth Population

Coupled with the projected decline in unemployment is a known decrease
in youth population over the next decade and beyond. This decline in popula-

tion is deplcted on Flg. 2. l. Detailed data on the number and rate of decline

are dlsplayed on _Tables 2. 4 and. 245L____l,v
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;/Budget Issue paper, ''The Costs of Defense Manpower: Issues for 1977,"
especially App A, Congressional Budget Office, Congress of the United States,
Washington, D.C., January 1977.
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As a general overview, the census population trends for 17-21-year
old males show that:

e Total population for this group increases by 3 percent, from
10.5 to 10.8 million over the period 1975-78; however, from the period
1978-90, this same group decreases by 17 percent, from 10.8 to 9.0 million.

e The white population increases by 2.4 percent, from 9.0 to 9.2
million over the period 1975-78, and decreases 20 percent, from 9.2 to 7.4
million over the period 1978-90.

e In contrast to the white population, the non-white population
increases 11 percent, from 1.5 to 1.7 million over the period 19;5—82 and
levels off at 1.6 million by 1985.

As is evident from these data, the real decline occurs in the white popula-
tion and, because of this, there are changes in both the total population
and racial composition that have important implications for sustaining a
quality AVF that is also representative of the characteristics of the U.S.
population. In developing enlistment forecasts for this report, ﬁhe rates
of change in both white and non-white populations under the census Series II
projections were used.

While the actual enlistment forecasts for this report are based on
census population t;ends, it is worth noting that the rate of decline by
geographic area is not uniform. GRC is currently in the process of turning
over to the Defense Manpower Data Center its Qualified Military Available
(QMA) population projection system. An examination of the QMA projections
by state reveals considerable variance in the rate of projected decline as
shown in the sample of ten states in Table 2.6 on the following page.

These data show that the prime market of military recruiters is pro-
jected to decline by 14 percent for both the top ten states (ranked by
population) and the nation as a whole. When ﬁhé-tréﬁdé iﬁrtﬁé—individual
states are examined, however, significant differences are apparént suéﬂ as
New York, which is projected to experience only a 1 percent decline in this
population group, while at the other extreme, Michigan's prime enlistment
market is expected to shrink by 22 percent over the next decade. The primary
reason for this variation in rates of decline is the difference in net

migration that is experienced by each of the states. The population
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Table 2.6

DISTRIBUTION OF THE TOP TEN STATES

QMA I-IITA MALE HSG
17-21 Year Oup

b A}

€Y 1975 CY 1985 1975-85
CALIFORNIA 158,201 . 137,543 - 137
EW YORK 129,246 127,982 - 17
PENNSYLVANIA 109,622 89,323 - 192
ILLinots 110,462 95,194 - 147
OHto 107,692 89,090 - 18%
M1cHIGAN 85,624 67,529 - 22%
Texas 63,751 53,301 - 17%
INDIANA 55,626 48,869 - 13%
WiscoNsIN 55,395 47,328 - 157
MINNESOTA 54,195 48,281 - =117
Ten STaTE ToTaL 929,814 804,440 - 1z
NaTionaL ToTaL 1,652,071 1,417,359 - 14%
Ten State %

oF ToTAL 56.3% £6.82

projections displayed on Table 2.6 assume that the current pattern of

net migration will remain unchanged through the 1980's. These differences
invrates of decline by geographic region are important because they will
affect thévplaéement of recruiﬁérs, and it>§oin£s'to the neéd for DOD to
track population movements on a regional basis. The migration data used

in the QMA system are available from the states on an annual basis, and

CY 1974-75 data were used in forecasting QMA. In turning the GRC-developed
QMA system over to the Defense Manpower Data Center, DOD will have in-house

capability to track migration trends on an annual basis.

Trends in School Enrollment

In monitoring the overall population dynamics in the marketplace,
DOD needs to be aware of the patterns in high-school completion rates and
post-=high-school continuation rates. For example, high-school completion
rates for both males and females have remained practically unchanged over

the past decade, as shown in the following table.
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Table 2.7

NUMBER OF HIGH SCHOOL GRADUATES
COMPARED WITH POPULATION 17-YEAR-OLDS

Male Female
School year Graduates Percent of Graduates Percent of
ending (000) 17-year-olds (000) 1l7-year-olds
1940 579 467 643 52%
1950 571 547 629 61%
1965 1,314 747 1,351 797
1975 1,541 72% 1,599 77%

Source: The Condition of Education, 1977 Edition, National Center
for Education Statistics, p 174.

As the data show, approximately 75 percent of the l7-year-old popula-
tion completed high school in 1975. While there continues to be some
growth in completion rates, especially for black females,‘DOD cannot
expect the population of the high-schoel graduate market to be measurably
affected by any change in high-school completion rates over the next
several years. Given that the high-school graduate completion rate is
likely to remain constant, population trends will be the driving force
behind the size of this high-school graduate market. As we have noted
elsewhere in this chapter, the population of this prime age group is
expected to decline substantially over the next decade.

The other factor to consider is college enrollment patterns. Since
the decision to enter either 2- or 4-~year institutions of higher learn-
ing effectively excludes that individual from the enlistable market for
the active force, unlike high-school completion rates, the pattern in
college enrollments is not clearly defined. This is exemplified by the
data on Table 2.8 on the following page. For the 1976-77 academic year,
the data show a slight decline in the total population of those enrolled
in a 4~year college. Perhaps of more interest, however, is the paftern of

freshman enrollment changes over the past several years. It is difficult
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~males vs 17 percent for females. =

Table 2.8

ANNUAL PERCENTAGE CHANGE IN COLLEGE ENROLLMENTS, MALE AND FEMALE
(For 4-year and related institutions)

'ngg Full-time Part-time Grand total Freshmen
1970 + 4.9 + 2.2 + 4.2 + 3.8
1971 3.2 .9 2.6 - .7
1972 - 4 2.1 .2 - 3.1
1973 2.1 5.9 1.8 - 1.7
1974 2.0 8.0 3.7 4.6
1975 2.9 7.7 4.3 7.4
1976 .2 - 3.2 - .8 3.7

Source: Collegiate Enrollments in the U.S., 1976-77, American
College Testing Program, 1977.

to detect any clear trend in the data and an extrapolation of these results
to develop projections is fraught with uncertainty. For example, the growth
rate for male college freshmen in the present academic year compared with
last year is 2.6 p;rceﬁt'éontrasted with 4.§Vperéent for women. Thus,

the impact that females (and minorities) have on the freshman enrollment
population is a key factor in estimating the size of the male enlistable
market. 2 '

Enrollment patterns in 2-year colleges are also difficult to interpret.

' One study estimates that freshman enrollment in 2-year colleges increased

by 8.4 percent in the 1976-77 academic year when compared to the previous

year. However, when examined by sex, the increase was only 2 percent for

3/

g-/Collegiate Enrollments in the U.S., 1976-77, American College

Testing Program, 1977, p 12.
§/College Enrollments in American 2-Year Institutions, 1976-~77,
American College Testing Program, 1977, p 1l4.
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The effect that a declining youth population will have on college
enrollments is very uncertain. The trend toward excess capacity in the
education industry as the population declines may increase competition
for the prime candidate of military recruiters—the high-school graduate.
The extent of educational subsidies by Federal, state and local govern-
ments can be a contributing factor to this excess capacity and actually
induce unnecessary and counterproductive competition for the reduced
youth market. To some extent, the loss of the GI bill will aggravate
the excess capacity condition and likely prompt educational administrators
to more aggresively recruit non-veteran, high-school graduates to offset
this loss.

While military recruiters actively pursue the recent high-school
graduate, it is misleading to think that the vast majority of NPS DHSG
enlistments are Tecent hlgh-school graduates. The AFEES survey conducted
in May of 1975 provides an estimate of the age distribution of thoseA_
immediately entering active duty or enlisting in the DEP. This is shown
on the following table.

Table 2.9

PERCENTAGE DISTRIBUTION BY AGE FOR MALE
AND FEMALE DHSG ENLISTEES ACCORDING TO
THE MAY, 1975 AFEES SURVEY

Age { 17 [ 18 | 19 | 20 | 21 | >21 | Total
NPS 7 21 24 - 16 11 20 100%
PS + NPS 6 19 22 15 10 28 100%

Somewhat surprisingly, the results show that one-fifth of NPS DHSG
enlistments passed their 21st birﬁh&ay.-iThe data.suggest that for a large
number of high-school graduates there is a considerable lapse of time be-
tween completion of high school and actual enlistment in the military.
While the AFEES survey data represent only a one-month's snapshot which is
subject to seasonal bias, the results are probably reasonably indicative

of the true age distribution of enllstlng hlgh-school graduates.
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Additional information on the AFEES survey shows that about 15 percent
of these high-school graduates also claim some form of post~secondary edu-
cational experience. Thus, it would appear that a significant share of the
enlistable market would appear to be college-leavers, using the military as
an alternative life-style. Like military service, the attrition rate of
post-secondary educational institutions is quite high. Data collected on
the enrollment status of the high-school class of 1972 and 2 follow-up

years are displayed in the following table.

Table 2.10

ENROLLMENT STATUS IN POST-SECONDARY EDUCATION OF
THE HIGH-SCHOOL CLASS OF 1972
(Percent enrolled in post-secondary education)

October 1972 October 1973 October 1974
White | Black | Hispanic | White [ Black | Hispanic | White | Black | Hispanic

56 50 47 47 40 39 39 34 31

Source: U.S. Department of Health, Education, and Welfare, National
Center for Education Statistics, National Longitudinal Study of the High
School Class of 1972.

According to this survey, approximately 55 percent of the 1972 high-
school class continued their education. Two years later the members of
this class who were enrolled in school declined to less than 40 percént.
Thus, almost a third of those entering post-secondary education failed to
complete a full 2 years of enrollment. While some of this decline could
be attributed to graduation from 2-year colleges, vocational and technical
schools, a good deal of the decline can also be attributed to failure to
complete original enrollment plans. The data from the Natiomal Longitudinal
Study offers corroborative evidence that a sizeable college dropout market
exists and that it appears that the Services are already recruiting a sig-
nificant number from this enlistable segment of the market. Generally
speaking, the evidence displayed here shows that the enlistable market of
male high-school graduates is somewhat broader than what conventional

thinking would lead one to believe.
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Chapter 3

METHODOLOGICAL CONSIDERATIONS IN DEVELOPING AN
ENLISTMENT SUPPLY MODEL

GENERAL

This chapter discusses the econometric modeling effort aimed at
deriving supply models for non-prior service, I-IIIA, diploma high school
graduate male enlistees. This is by no means the first work dealing with
enlistment supply models, and perhaps a word about the motivation for
undertaking yet another supply study is in order.

Two primary considerations made further work appear unavoidable,
namely,

e Since sustaining the all volunteer force requires that each
individual Service be capable of recruiting a sufficient number of quality
personnel to meet its needs, it is necessary to have comparable supply
models for each of the four Services, and

e Since the impending population decline is perhaps the largest
single obstacle to maintaining the AVF, a Service-by-Service indicator of
population impact is called for. Such indicators are not available from
previous work.

Additionally, the availability of more reliable population data to-
gether with a contemplated methodological improvement (discussed below)
offered a reasonable chance of successfully addressing the question of

population effects.

THE SUPPLY MODEL

Guidelines for Model Selection

The hypothesis underlying the specification of a supply model is that
unintuitive results which have arisen in past studies of enlistment supply
arose in large part from data ambiguities and inaccuracies. Accordingly,

in specifying the model the following guidelines were observed.
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‘@ The unit of analysis and the time period to be considered should
be chosen so as to minimize the degree of estimation which must be applied
to the source data in order to satisfy the requirements of the model.

e In the absence of an obviously theoretically superior alternative,
the functional form of the model should be chosen so as to minimize the

distortion induced by uncorrectable defects in the source data.

The Analysis Technique

The supply of quality accessions can be modelled either cross-sectionally
for a given time period, or as a time series, or as a combination of the two.
Inasmuch as the ultimate objective of this analysis is to predict annual
quality accession levels, an annual time-series model is the natural choice.
Unfortunately, two distinct considerations diminish the attractiveness of
this alternative.

e Paucity of Relevant Data. As the end of the draft was declared in

January 1973, only 5 years of AVF data are available for analysis. Conse-
quently, an annual time-series analysis of purely AVF data is not feasible.
Due to the vastly different environments offered by the Services during the
draft and all-volunteer eras, extension of the annual time-series to include
draft era data is an apples-and-oranges proposition warranting considerably
less than unqualified acceptance. Disaggregation of the annual series into
quarterly or monthly time-series might be expected to produce a reasonable
model. It is not clear, however, that a quarterly or monthly model would be
appropriate for long-term annual predictions. Because of the relatively
small variation in population since the inception of the AVF, no information
regarding the impact of population changes can be expected.

e Necessity of Unintuitive and Arbitrary Assumptions. Since population

is expected to decrease significantly in the projection period, its effect
cannot be ignored. This is true even though, because of little population
variability, a population effect cannot be detected by time-series analysis
of relevant historical data. The logical result of all this is that some
assumption(s) regarding population effects must be made apart from the time-
series model.

On the surface, perhaps the most appealing assumption is that for each

Service, the decline in quality accessions is proportional to the decline in
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quality population. There are no empirical data to support this assumption
and there are, in fact, objections to it. Two suggest themselves immediately:

e Quality accessions can be divided into two groups: persons who are
contacted by a recruiter and subsequently persuaded to enlist, and persons
who coﬁtact the recruiter (perhaps after an advertising contact) with some
interest in enlisting. Of these two groups, the latter can more probably be
thought to vary proportionately with the population (when all other relevant
factors remain constant). The situation of the former group is more complex.
When the population pool susceptible to enlistment in a Service when actively
recruited is larger than can be contacted effectively by the available re-
cruiters, marginal declines in the susceptible population should have little
or no effect upon accessions. Only when all the available population is
being contacted can accessions be expected to decline proportiomately with
population.

o Apart from the foregoing considerations, it seems unlikely that the
impact of a population decline will be the same on all Services. The pools
of persons susceptible to enlistment in the respective Services are probably
not of equal size. Certainly, the requirements of the individual Services
for quality personnel are not the same. If one Service requires relatively
few of the quality personnel in its pool while another Service requires
virtually all the quality personnel in its pool, it seems unlikely that the
impact of a population decline will be the same for both.

On the basis of the foregoing, it is difficult to see how a pure time-
series amnalysis can account for population effects without arbitrary external
assumptions. As the most obvious and plausible assumption regarding popula-
tion effects seems less than adequate for modelling population impact on the
individual Services, some other approach seems desirable.

At this point, there appears to be no alternative to modelling population
effects cross-sectionally. A cross-sectional model is possible since popu-
lation does vary considerably across region and can be seen to have an effect
on the number of quality accessions. The obvious question arises as to the
appropriateness of using cross-sectional results for the prediction of pheno-
mena through time. There appears to be no definitive resolution of this

question in the literature.
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Precedents for applying cross-sectional results to time series exist
in economics where such application is conventional for demand studies. 1/
After over 20 years of debate, however, questions concerning the appro-
priateness of this technique are still unresolved. That the analysis tech-
nique has persisted for so long in the face of criticism indicates that no
obviously better alternative has been found.

Other important variables, specifically recruiting effort and unemploy-
ment, lend themselves to cross-sectional modelling. For the investigation
in hand, a cross-sectional unemployment result is probably superior to a
time series result. Such superiority derives from the concensus that cross-
sectional unemployment effects are more indicative of the long-term impact
of unemployment than effects measured over a relatively short time series.

An important variable which cannot be captured in a cross-sectional
analysis is the ratio of military to civilian pay. Consequently, the assump-
tion must be made that the pay ratio remains essentially constant through
time. This assumption is probably not too unrealistic.

A pooling of cross-sectional and time series data offers an attractive
possibility for overcoming some of the analytical difficulties cited above.
This approach ought to be tried. Unfortunately, during this study, only
one relevant cross-sectional observation of recruiter distributions was
available so no fluctuations through time could be investigated.

The foregoing considerations argue for a cross-sectional modelling
effort as the least objectionable feasible approach. Because data for each
of the factors of interest can be obtained at the state level without resort
to further approximation, the unit of analysis in this study is taken to be

the state.

The Time Frame of the Analysis

Since measures of the factors of interest are directly obtainable on
an annual basis, the choice of time frame was accordingly limited to the
choice of an appropriate calendar or fiscal year. Ultimately, calendar
year 1975 was selected as the latest time period for which relevant data

were finalized at the state level.

1/ J. Johnston, Econometric Methods, McGraw-Hill, New York, 1972, p 164.
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The decision to perform the cross-sectional analysis by state for
CY75 arose from, and is in accordance with, the first of the guidelines

adopted for model selection.

Definition of Variables

The variables selected for the analysis are defined in this sectiom.
The various known uncorrectable defects present in the data for each of the
variables are included in the presentation, but a discussion of the steps
taken to remedy these flaws is deferred until the fbllowing section. Source
data for the variables are given in Appendix B. Correlation matrices, means,
and standard deviations for the variables are presented in Appendix C.

N: Quality Accessions: The dependent variable sought for the analysis

is the number of quality accessions accruing to the respective Services in
CY75. A fundamental assumption of the analysis is that this group is supply-
limited, i.e., that the number of quality accessions is limited by the supply
of such persons who can be induced to join the military-rather than by the

military's demand. In the analysis, this group is defined to be non-prior

service, diploma high school gradgate, 17-21-year—old males classified in
mental categories I-ITIA.

The accession data.for all Services were obtained from magnetic tape
files provided by the United States Army,Recruiting Command (USAREC).
Accession data for the Army, Navy and USAF, although at odds with monthly
reports published by USAREC (i.e., Supplemental Enlistment Option Report)
are presumed to be correct. Approximétely 17 percent of the USMC accession
records were unusable because missing education codes prohibited high school

graduate classification.

Q: OQuality Population. The popﬁlation variable is defined to be

.

the non-prior service, diploma high school graduate, 17-21-year-old males

classified in mental categories I-IIIA and neot pursuing further schooling?

Nationally, this subpopulation accounts for approximately 6 percent of

the Miiitary Available (MA) population. (The MA population is taken to be

non-prior service, non-institutionalized, 17-21~year-old males.) Data for

this variable were extracted from GRC estimates of Qualified Military
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Available (QMA) population as of June 1976. (The QMA population is that
segment of the MA population which is both physically and mentally qualified

for military service.)

R: Recruiters on Station. The recruiter data used in this analysis were

provided by USAREC with the concurrence of representatives of the individual-
Services. The data consist of estimates of production recruiters (including
area captains) on station as of 31 October 1976. These are the only state-

level estimates of recruiter strengths available.

U: Unemployment. Unemployment is a traditional measure of economic

condition. In this analysis, the underlying economic data are extracted from
Table D-4, "Total Unemployment and Unemployment Rates by State: Annual
Averages, 1970-75" of the Employment and Training Report of the President,

transmitted to the Congress, 1976. The data represent general unemployment
as a percent of the labor force and were provided by state employment

security agencies cooperating with the U.S. Department of Labor.

E: Reciprocal of Civilian Pay. In order to account for regiomal varia-

tion in economic attractiveness of military service as an alternative to
civilian pursuits, the reciprocal of civilian pay was included in the model.
The data for this variable were extracﬁed.from Table C-13, "Gross hours and
earnings of production workers on manufacturing payrolls, by state and
selected areas" of the Bureau of Labor Statistics publication, Employment
and Earnings, for August 1976. The payroll data are for June 1976.

-’-‘“-"'-i'-’-'-'- - - - - - - - -
: ; - - -

The justification for including regional variations in civilian pay
scales in the analysis is based upon two considerations. First, it appears
plausible that certain of the economic and career motivations for entering
military service (e.g., learning a trade) are influenced by socioeconomic
status. Secondly, the attractiveness of military pay is undoubtedly modi-
fied by prevailing civilian pay scales.

Since military pay is constant across region, a cross-sectional model
cannot track its effecﬁ and hence military pay is not considered in this

analysis. Customarily, when military pay appears in a time-series analysis,
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it is included as the ratio of military to civilian pay. It is this

traditional treatment of civilian pay which led to the decision to include

its reciprocal in the amalysis.

Selection of a Functional Form

In accordance with the second guideline for model selection, the func-
tional form chosen for the analysis is the multiplicative Cobb-Douglas

form, viz, e € € €
N=eQ R "uVE®

where N, Q, R, U and E are as defined above, ‘
e(=2.7183) is the base of the natural logarithms, and c, eq, €r, Eu, E:e
are parameters to be determined by fitting the functional forms to the
available data. '

The, parameters eq, Er’ eu, ee are the elasticities of the associated

variables. The elasticity is defined to be the percentage change induced in
the dependent variable by a percent change in the associated independent
variable (if, for example, the elasticity of population is equal to .5, a

10 percent change in Q would induce a 5 percent change in N).

The Cobb-Douglas form is chosen fér the analysis primarily because of
a property unique to it, viz, the elasticities computed from the model are
invariant under simple scaling of the’ variables. This.property may be
illustrated by considering the following example. Suppoée that Y can be
expressed as a function of X in the following way:

ex
Y=cX

If the model is recast to write Y as a function of Z = kX where k is a positive
number, the property of invariant elasticities under scaling of the data means
that the solution to the new model is

€
Y=c27%
€
where ¢” = ¢/k X, Although the value of the constant term is different for

the two models, the elasticities for the scaled and unscaled variables are

identical.
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The impact of the property of invariant elasticity under scaling is
important in view of the uncorrectable defects in the source data. Specifically,

e Although the accession data for the Army, Navy and Air Force are
presumed to be reasonably complete and correct, 17 percent of the USMC ac-
cession records were unusable due to missing education codes. To the extent
that the high school graduates represented by these records were proportionately
distributed among the states, no distortion is induced in the elasticities
arising from the Marine Corps model.

° Wifh respect to the population variable Q, it is nﬁted that if the
"true market" for a service is proportional to Q, the elasticity computed
for Q will be the '"true market" elasticity for the service. Furthermore,
the QMA data from which Q is developed is feported as of June 1976. The
assumption that the 1975 QMA is proportional to the 1976 QMA is quite
reasonable and thus the use of the Cobb-Douglas form prevents the difference
in magnitudes from distorting the elasticity computed for Q.

° .As stated in the definition of R, the only estimates of recruiter
strengths by state are made as of 31 October 1976. To the extent that the
distribution of recruiters among the states (1.4 percent of the recruiter
force in Alabama, 10.6 percent in Californmia, etc.) im CY75 coincides with
the distribution as of 31 October 1976, the elasticity computed for R will

be free from distortion.

e The overall unemployment rate U is intended as a measure of general
economic condition. If a measure of mofe direct motivation to enlist were
desired, the unemployment rate among the age and race groups of interest
might be considered. To the extent that these specific ‘unemployment rates
are proportional to overall unemployment, the elasticity computed for U
will be the elasticity for the specific rates.

e E is intended as a measure of regional economic opportunity in the
civilian sector. Average earnings for production manufacturing workers
were chosen for the computation of this wvariable but, as discussed above,
any pay scale proportional (across states) to total manufacturing wages

will yield an elasticity identical td that of E.




In;light of the above discussion, it is evident that the property of
invariant elasticities under scaling mitigates as far as possible the dis-
tortion effects of the uncorrectable defects in the source data and hence
provides the Cobb-Douglas function with a robustness which is lacking in

other (specifically linear) functional forms.

Methodological Considerations

The methodological price paid for the robustness of the Cobb-Douglas
form is the loss of linearity. The customary treatment of this difficulty
is to resort to a logarithmic transformation, viz,

Multiplicative model:

< [E E\[ E e
N=e (Q q)(R )(U u) Ee)
Log-linear model:

In(N) = ¢ + eq In(Q) + sr 1n(R) +_eu 1n(ﬁ) + €, In(E)

where 1n(X) represents the natural logarithm of X and all other terms are as
defined above. Having constructé§ the log-linear model, the customary practice
is to solve it for c, eq, Er’ eu, Ee gsing a standard linear regression
package ‘and take eq, er, Eu and Ee to be the elasticities of the correspond-
ing variables.

The above described approach is not correct. Thé problem lies in the

unfortunate fact that since ghe_logarithm is not a linear transformation,
the solution of the logflinear model is not the solution of the multipli-
cative model. (This problem is discussed at some length in an article by
W. A. Dotson in Appendix A.) .

The methodology used in this study is to construct and solve the log-
linear model in the ordinary wﬁy and then use the computed parameters as
a starting point for the iterative solution of the multiplicative model.
The computer routine used for the nonlinear solution is a Gauss-Marquardt
least-squares algorithm written at the Computing Technology Center, Union
Carbide Corp., Nuélear Division, Oak Ridge, Tennessee, by G. W. Wesley and

modified at North Carolina State University by R.'M. Felder.
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e Remove statistically insignificant variables from the solution
(i.e., constrain the associated elasticity to be zero) first singly and
then in pairs until a model results in which all non-zero elasticities

are statistically significant. This step yields the finalized models.

Preliminary Solutions (Log;linear vs Multiplicative)

The solution and associated R2 for each of the log-linear
models and for each of the preliminary multiplicative models are pre-
sented in Table 4.1.

The differences between the log-linear and multiplicative models are
sometimes quite striking. Special attention is drawn to the significant
differences between unemployment elasticities computed for non-whites in
the Army and Navy models. These and other differences serve to illus-
trate the fact that approximate solutions, however time-honored, need

not be very good approximations.

Finalized Solutions

Finalizing the supply models is a matter of assigning the statis-
tically insignificant variables an elasticity of zero and resolving the
model. This procedure effectively removes the non-significant variables
from the supply equation. In the equations with two insignificanf vgfi;bigs,
models were considered where each of the variables was removed separately
and where both variables were removed at once. This proceédure guarantees
that no statistically significant variable of the set under consideration
was omitted because of noise arising from the presence of an insignificant
variable.

The finalized supply models are presented in Table 4.2, along with

the standard error for each elasticity.

DISCUSSION OF RESULTS

Population (QMA) and Recruiters

Examination of the correlation matrices of Appendix C reveals a high
correlation between recruiters on station and QMA. Since QMA has histori-

cally been the basis for recruiter assignment, this correlation is not
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Table 4.1

. I-IITA, DHSG ACCESSION SUPPLY ELASTICITIES ARISING FROM
LOG-LINEAR MODEL (L) AND MULTIPLICATIVE MODEL (M)

White Non-white
L M L i
o e -1.19 4,50 16.24 22.41
€q .57 265 .89 41
€. .30 .34 .30 .54
Amy €u ‘4’4 034 052 ".42
*
€ -.07 1.16 3.73 4,11
R2 .9282 . 9624 .5581 .7505
c -1.24 3.50 6.80 7.02
€ .52 YA .34 .35
€ .34 .56 .70 .63
T * %* .
NaVy €u -19 .03 017 -n53
<, ~.26 .61 1,49 1.18
RZ  .9275  .9679 .8954  .9310
€ .54 .17 .78 .65
USAF ¢ .40 .75 48 .22
r * *
€ .59 .25 .17 -.20
u * *
€e .lC e 11 2‘63 1. 19
R2 .9318 .9496 .7340 .8767
c ~5.68 -1.30 12.52 5.61
€ .78 .53 .75 .56
€ .15 .40 .32 .27
T * *
USMC €u .26 -.06 047 -015
€, -.61 -.18" 2.94 1.05
R2 .9322 .9583 .7399 .8251

*
Indicates that the

parameter is not statistically significant.
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Table 4.2
FINALIZED SUPPLY MODELS FOR I-IIIA, DHSG ACCESSIONS

White - Non-white
Standard Standard

Parameter Value error Value error

c 4,50 22,41

€q 65 .10 W41 .15

€ .34 .09 54 «20
Army €: . 34 .11 -.42 412/

€, 1.16 .24 .4°11 .56

R? - 9624 ‘ .7505

c 3.54 7.02

eq 44 07 .35 .08

€. 056 .06 .63 .08
Navy €, ~0- -.53 .19

€, . .61 .23 1.18 .32

R2 .9678 .9310

c 1.85 5.99

eq .20 .09 .64 .08

€. .73 .09 .21 .08
USAF €, «25 .12 -0-

€, -0- 1.17 «37

R2 . 9495 .8755

c -.76 5.31

eq e 57 .09 «55 - 10
UsMC €. .37 .08 .26 .10

€, ~0- -0-

€ -0~ 1.04 W45

R2 .9579 .8243

a/

—'While this elasticity only just barely satisfies our condition for sig-
nificance, the primary reason for not ignoring it is that the corresponding
standard error for the regression against mental group I and II accession was
only one-fourth as large for virtually the same value of €,
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surprising. Still, a question occurs as to the reliability with which the
model discriminates between the effects of population and recruiters. To
date, the theoretical development required to resolve this question in

the case of the non-linear form of model chosen for the analysis has not
been done. In the absence of a rigorous method of evaluating precisely
how deleterious the large correlations are, the properties of the modeling
results must be closely examined. To facilitate this examination, the

finalized population and recruiter elasticities are summaried in Table 4.3.

Table 4.3

SUMMARY OF THE FINALIZED ELASTICITIES FOR
POPULATION (Eq) AND RECRUITERS (€r) BY RACE AND SERVICE

White Non-white
€ € € +€ € € € +€
Service k! T 1 r ! r @ T
Army .65 .34 .99 41 .54 .95
Navy .44 .56 1.00 .35 .63 .98
USAF .20 .73 .93 .64 .21 .85
USMC .57 .37 .94 .55 .26 .81

€q+€r=:l. The results show that for each of the eight models, the sum
of the population and recruiting elasticities is very near unity. This
result derives empirically from the nature of the data rather than from any
constraint in the model. It can be taken, therefore, to be strong empirical
support for an alternative formulation in which population and recruiting

elasticities sum to unity by assumptions, i.e.,
e +¢e_=1. :
q T

Under this assumption the model

£ Er Eu Ee
N=cQlrTU%E

can be rewritten as

.




am . =

where € 1is the same for both formulations and where all other variables are
as defiged above. Thus, the empirically-derived assumption that population
and recruiting elasticities sum to unity is equivalent to gssuming a Cobb-
Douglas form where the elasticity of population coverage (%) with respect
to recruiter productivity (g) is Eq. It is noteworthy that this alternate
formulation eliminates the difficulty of a high correlation between re-
cruiters and population.

Had this alternate formulation been employed at the‘outset, the result-
ing models would have (with few exceptions) been virtually identical to those
summarized in Table 4.3.

Results Not Unintuitive. Since a time series approach was considered in

Chapter 3 and rejected because of its unintuitive implications regarding
population effects, the alternative model used in this analysis should be
examined for the same shortcoming.

Presuming no change in other factors, if the recruitable population for
a Service is saturated with recruiters (virtually every recruitable person
is being contacted by a recruiter), then the size of the available population
is the controlling factor and the addition of more recruiters can be expected
to have little effect. This situation produces a high population elasticity
and a low recruiter elasticity. On the other hand, if relatively few of the
Service's recruitable population are being contacted, the addition of more
reéruiters can be expected to have almost a proportional effect whereas the
effect of changing the recruitable population would be relatively small.

According to this simple model, the more attractive a service is (the
larger its recruitable population), the smaller its population elasticity
will be and the larger its recruiter elasticity will be. Similarly, the
less attractive a service is, the larger its population elasticity will be
and the smaller its recruiter elasticity will be. The population and re-
cruiter elasticities shown in Table 4.3 do not appear to be badly at variance
with either these expectations nor general recruiting experience. In the
absence of other contradictory evidence, there seems to be no compelling
reason to reject the population and recruiter elasticities arising from the

cross-sectional supply models.
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Unemployment

The unemployment variable used in this analysis is intended as a
measure of the effect upon enlistments of the general economic condition.
(A time-series analysis is required in order to address the direct, short-
term impact of changes in unemployment rate.) It is presumed that areas
with higher unemployment rates have fewer opportunities to offer in the
civilian sector, and that consequently the alternative of military service
is relatively more attractive than it is in areas where more civilian oppor-
tunities exist. Accordingly, one would expect eu to be non-negative.

With reference to the finalized supply models of Table 4.2, two facts
are noteworthy:

Unemployment elasticities for whites are non-negative. The zero

elasticities for the Navy and Marine Corps models mean that no evidence
exists within the framework of these supply models to indicate that Navy
and Marine Corps enlistments are much affected by regional variation in
unemployment. The phenomenon suggests that white persons motivated by
limited civilian opportunities prefer enlistment in the Army or A%; Force
to enlistment in the Navy or Marine Corps.

Unemployment elasticities for non-whites are non-positive. Again,

zero elasticities for the Air Force and Marine Corps models suggest that

regional economic condition is not an important motivation for non-white

accessions to these services. The more significant result is the negative
unemployment elasticities of the Navy (and, less strongly, the Army as well).
In a time-series analysis, this phenomenon would indicate a substitution
effect, i.e., during periods of high unemployment, white accessions are more
readily available and are preferred (through policy considerations) to non-
white accessions. The result is that fewer non-white accessions are pro-
duced than would be expected under the prevailing unemployment rate. This
negative impact of high unemployment upon non-white enlistments (and the
corresponding positive impact of low unemployment rates) results in a
negative unemployment elasticity. Although this rationale may explain the

negative values of eu for the Army and Navy models, certain objections arise:




e The cross-sectional model does not consider the effect of unem-
ployment in different periods but rather the effect of unemployment in
different regions. Consequently, it is conceivable that the effect of
unemployment is being distorted by some regional phenomenon not otherwise
accounted for by the model.

e In the light of the Services' quality requirements, if representa-
tional problems or other policy considerations were causing a substitution
effect, it seems reasonable that the substitution would be of higher quality
whites and non-whites for lower quality non-whites. This substitution
mechanism would produce non-negative unemployment elasticities for the
quality non-white enlistments under consideration.

e Because of the relatively small number of non-white accessions from
some states and a corresponding small non-white population, the results of
the non-white models may be distorted by sample size considerations. This
possibility warrants further investigation.

If a substitution phenomenon such as described earlier for the hypo-
thetical time series were operating in the Army and Navy, the effect in
the cross—sectional model would presumably be just that which was observed.
Nevertheless, it is illogical to conclude solely from these supply results
that such a phenomenon is operating. The models indicate that for non-
whites some extermal factor or factors are interfering with the ordinary
supply mechanism. It is not possible to positively identify any such
factors on the basis of this cross-sectional analysis.

Additional research is recommended on unemployment effects, including
use of race-specific unemployment data as well as youth unemployment data,

to supplement the present analysis which used overall umemployment data.

Compensation

The pay variable is included in the model to account for variation in
the attractiveness of military pay due to differences in the civilian pay
scale. In light of the historical fact that civilian wage opportunities
for non-whites are substantially less than for whites, it is not surprising
that this variable is substantially more important in the supply models for

non-whites than it is in the white supply models. The fact that Ee is
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significantly larger for the Army than for the other Services suggests that
wage opportunity is a more significant factor in the enlistment decision
for the Army than it is for the other Services. It should be noted, however,

that ee says nothing in a direct way about the impact of military pay scales.

Developing the DOD Composite Supply Model

It is not possible, using the methodology employed in this study, to
state categorically that the supply of volunteers to each Service is mutually
exclusive. Obviously, there is considerable overlap in the recruiting market
for each of the Services. This study does point out, however, that there are
significant differences when the parameters of enlistment supply are examined
by race. Based on this evidence, it was decided that forecasts of total
enlistments should be derived by combining the separate estimates of the
white and non-white supply models. To a lesser extent, the evidence also
suggests that the quality enlistment supply to the individual Services is
independent of each other, i.e., the degree of sensitivity of Navy enlistment
supply to specific parameters is significantly different from the degree of
sensitivity of Army enlistment supply to these same parameters.

Essentially, this means that it is not correct to combine all enlist-
ment groups (both race- and Service-specific) and use this as the dependent
variable in an attempt to forecast aggregate DOD enlistment supply. A more
correct way 1s to estimate supply for each of the groups independently and
then aggregate supply forecasts to obtain a DOD estimate.

While actual enlistment forecasts are derived in this manner, it may
also be helpful to have aggregated elasticities and productivities of the
various parameters used in the enlistment supply ﬁodels. Table 4.2 displays
the supply parameters computed independently by Service and race. Where
elasticities are required that are not race-specific and/or Service-specific,
these elasticities should be computed as a composite value of the race~ and
Service-specific elasticities, weighted by the proportion of enlistments
obtained by race and Service. The method for computing these elasticities
is demonstrated in the example on the following page.

Using this methodology, Table 4.4 shows the non-race-specific

elasticities for each of the parameters by Service and for DOD,
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Let T = total enlistments,
W = white enlistments,
B = non-white enlistments,
Er = composite elasticity for recruiters without regard to race.
T
Then,
€ =él/_A_R.= .Ii
Ty T R T

T

- AE'E.*.Q'E
AR T AR T

- E(A_ 5)+§ 4B . R)
W\ AR T B \ AR T

= H. _AH'B)-}-E @'B
T R W T \ AR B
W € B €
T rw + T rb

For the Army models, the expression for composite recruiter elasticity

evaluates as follows:

€, 47,848 (.34) + 8,146 (.54)

T 55,994 55,994
= .856(.34) + 1.44(.54)

= .29 + .078 = .368

Table 4.4

NON-RACE-SPECIFIC SUPPLY MODELS FOR I-IITA DHSG ENLISTMENTS
(Values shown in the table represent elasticities)

Marine Air DOD
Parameter Army Navy Corps Force White Non-white Total
Constant 7.11 3.81 .12 2,26 2.88 12.82 4,01
Eq .62 .43 .57 .24 .46 .47 .46
e .37 .57 .35 .68 .51 44 .50
€, .23 -.04 -0- .23 .17 -.28 .12
€, 1.59 .65 .15 .12 .55 2.36 .76
4~10




While it is more nearly correct to forecast enlistments by race and
Service and then aggregate the data to obtain a combined forecast, use of
the elasticities shown on Table 4.4 will provide estimates comparable to
the preferred approach. In a later chapter in this report, the composite
recruiter elasticities are used to estimate the size of the accession

budget required to offset projected declines in enlistments.

’

4-11




- o= G B o WS B ay B o e B 8 W M

Chapter 5
ENLISTMENT PROJECTIONS

GENERAL

The forecasts of quality enlistments presented in this chapter are
developed from the race-specific enlistment supply models summarized in
Table 4.2 . The forecasts examine the effects of projected changes in
populations and unemployment rates as documented by the Census Series I1

1/

projections of the 17-2l-year-old male populations by race=" and the

Congressional Budget Office (CBO) projections of unemployment ratesg/.
RESULTS .

Tables 5.1, 5.2 and 5.3 display tﬁe yearly changes in quality enlist-
ments anticipated due to population shifts or CBO's projected decline in
unemployment.

Table 5.1 displays the prdjééted changes in supplf,‘assuming CBO'sV
October 1976 unemployment projections. This projection assumes no change
in population. This unemployment projection was based upon a more optimistic
outlook for improvements in the economy. CBO forecasted that unemployment
would decline approximately 52 percent and reach a 4 percent level by 1983.

N Téble 5.2 diépiays thé exéecféd.chéﬁgeé in é;listmenfg;hassumiﬁg
CBO's January 1977 unemployment projections. Under this projection, CBO
forecasts a more gradual recovery in the economy and a general unemploy-
ment decline by some 45 percent by 1983. Note that the budget analysis
conducted in this report uses CBO's January unemployment projections.
The enlistment projections using the October 1976 CBO forecast are in-

cluded here for comparison purposes only.

1/

—="Current Population Reports, series P-25, No. 601, Bureau of the
Census, October 1975.

Z/"The Costs of Defense Manpower: Issues for 1977," Budget issue
paper prepared by the Congressional Budget Office, January 1977,
Tables A-1l and A-2.
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In examining Table 5.2, it is apparent that, based on the supply
models developed in Chapter 4, no unemployment effects for this quality
class were detected for the Marine Corps. Significant unemployment
effects were found for both whites and non-whites in thé case of the Army
supply model only. In the case of Army white enlistments, a decline of
up to 15 percent is expected by 1983. 1In contrast, Army non-white en-
listments should rise by 19 percent in 1983. Numerically; this amounts
to 7300 white enlistments lost and 1500 non-white enlistments gained by
the Army by 1983. With respect to the Navy, no change in white enlist-
ments is anticipated since the model did not detect a significant un-
employment effect for this quality class. Non-white enlistments were
expected to increase by some 24 percent by 1983. The numerical increase,
however, is rather small — less than 1000 additional enlistments. For
the Air Force, white enlistments are expected to decrease slightly more
than 11 percent by 1983, or a numerical decline of approximately 4500

enlistments. No decrease in non-white enlistments is projected.

Table 5.3 displays the projections due to anticipated changes in the
population of 17-21-year-old males. This projection assﬁmes no change in
unemployment. Note that based on census population forecasts and the re-
sults of the supply model developed in Chaﬁter 4, declines in enlistments
for this quality class are anticipated for white males only. This decline
does not actually begin until 1982, If these assumptions are correct, non-
white enlistments in the preferred quality class will continue to rise for
all Services.

0f the four Services, the Army is most sensitive to changes in popu-
lation. By 1986, Army white enlistments should be 13 percent below the
CY 1975 estimates; thus, white enlistments will decline from approximately
48,000 to 42,000. Because a slight increase in non-white enlistments is
anticipated, the net decline for this quality enlistment group is expected
to be slightly more than 11 percent by 1986.

The Census projections also show that the white male population will
continue to decline through the 1990's. The trough of this decline is
expected to be in 1993 when the white male population of those 17-21-years
old will be 32 percent below the level for 1975. Should the QMA of this
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group decline proportionately, the elasticities developed in Chapter 4
would project a 21 percent decline in Army white enlistments in the pre-
ferred quality class. The other Services would also experience declines,
although to a lesser degree in both relative and absolute terms.

GRC has assumed that there is a proportional relationship between
annual changes in the 17-2l-year-old male population and male QMAs of
this age group who are also diploma high school graduates and in mental
groups I-IITA.

In evaluating current and future enlistment potential, the size of
the QMA market is an important consideration; for example, Table 5.4
displays QMA and enlistment data to produce a measure of market penetration
achieved by the Services. Overall, the Services are recruiting about
9 percent of the diploma high school graduate QMA market (mental groups
I-IV). While 9 percent may not appear to be a sizable proportion of the
total market, when disaggregated by race and mental group, significant
differences in market penetration do appear. For example, with respect to
the non-white, I-IITIA QMA market, almost 47 percent of that market is already
enlisting in the military. In contrast, the proportion of the white I-IIIA
QMA market enlisting is approximately 9 percent, or less than one-fifth the
rate of enlistment when compared to non-whites. Results such as these are
consistent with survey data which show significant differences in preference
for the military when the data are examined by race. More important, however,
is the fact that the Services are already recruiting a very sizable share of
the non-white enlistment market. Unless there are dramatic improvements in
the mental group distribution or high school completion rates of minorities,
it is unrealistic to expect a substantial increase in non-white enlistments
in the future in spite of the fact that the population for this group will
continue to grow through the 1980's. This conclusion, however, should be
tempered with the following considerations. First, while the non-white QMA
market amounts to less than 200,000 in total, over three-fourths of this
group fall into mental groups IIIB and IV (Figure 5.1). Presumably, the
lower market penetration for these non-whites is due to the enlistment qual-
ification standards currently in effect. Should the Services find themselves

in the position of needing more high school graduates in the future, a decision




Table 5.4
RECRUITING MARKET PENETRATION

)]
Diploma (2+1)
high school (2) Market
graduate DOD Male DHSG penetration
QMA market enlistments (CY75) (percent)
White 2,575,506 205,253 8.0
I, II 1,322,366 97,409 7.4
IIIA 486,084 57,362 11.8
IIIB 462,233 42,665 9.2
v 304,823 7,817 2.6
Non-white 198,894 45,535 22.9
I, II 19,871 7,761 39.1
IIIA 22,639 12,122 53.5
IIIB 56,417 19,412 34.4

v 99,967 6,240 6.2
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to recruit from the lower mental groups would substantially increase minority
enlistments; for example, if administrative controls on recruiting IIIB QMAs
were dropped, a proportion of minority QMAs recruited from this group would
likely rise from the current 34 percent. This action alone could bring in

an additional 7,000 male high school graduate enlistments, which would almost
equal the projected decline in white high school graduate enlistments in
mental groups I-IIIA due to population changes through 1986.

Additionally, both the QMA and the Census population projections are
subject to sampling error. Baseline data used in the QMA projections are
Census population data and, therefore, to the extent that Census population
data are inaccurate, similar inaccuracies will have crept into the QMA data.
One criticism that has been raised regarding Census data is the potential
undercount of minority populations during the 1970 census. Indirect esti-
mates of the current minority populations suggest that the undercount is
of a magnitude approaching 10 percent. If an undercount exists, then pro-
jected minority recruitment in the future is understated.

Table 5.5 displays the numericai projections arising from the analysis.
Base supply estimates are CY 1975 actual counts and are displayed on Table 5.6.
This table also shows enlistment{ counts for lower mental group personnel, as
well as data on the QMA market.

It is important to keep in mind that the projections shown in Table 5.5
assume no change in other factors relevant to the accession process;
specifically, the number of recruiters and the pay relationships across
regions are assumed to be constant through all projection years. Using
CBO's January unemployment projections, Army male high school graduate
enlistments in mental groups I-IIIA are projected to decline by nearly
21 percent over the period CY 1975-1986. In CY 1975, 15 percent of this
group were non-white. Due to the fact that the non-white population is
not expected to decline but actually increase slightly, and the fact that
the forecasting model shows an inverse relationship between unemployment
declines and enlistment results for non-whites, this proportion is expected
to increase to 22 percent by CY 1986. These projections on aggregate enlist-

ments and minority composition are summarized on Table 5.7.

5-9




68102 9zte €9891 9te8e 1133 soBee 8616Y% Sas €eoyy YSEYY - 0986 649%¢ 9861

94502 8Yy¢e 86TLY L198¢€ £95Y s0ve 1L86Y% 618 6L9%Y 1339 0066 19195 $861
$S60T 8LLe sty Ty68¢ 19y oLeye L€90$ L1es 0zysYy %059y LS66 LYS9¢€ Y861
ovete {0%¢ €E6LT 0SE6t . 159% £65%€ 199 41 11149 6T19Y 14374 ] 01001 €LsLe €861
9zzet L1%¢e 60881 ooty L9y €EL9e %1149 800S seeLy £680¢ . %286 6901y a6t
LA 4244 Tiye €0061 ehery 999y {99¢e 9L1€ES 096% 91z8Y vees SLS6 9Lty 1861
66%22 66C¢ 00161 60Ty 9%9Y% 9yhLE Y0zZES 86LY 90%8Y 86%¢S , t4 81 981%Y 0861
95527 08¢t 9L161 Ti6ey sT9Y {6T8¢E T91¢ES 09y 1131 1 LoLYs 2006 S0LSY 6461
6LStT 09te 61761 Tieey y8sY X441 €v1€Es . voSY 6€98Y 80€SS :14: 14 caccq‘ 861
(1344 9zt €LT6T 26LLY TEsY 19¢6€ 121:147 9veYy 8948Y 99L5¢ 6558 - Loy L6t
131%44 L8ze 89061 08CYY 69%Y T166¢€ y0STS 91% vy 90Y9S e 0918% 9L61

uog3d3foag £761 Aienuer

68102 9zet €9891 6£9.¢ TesYy 801¢E 1SE6Y LA S €T0YY ySYEY 66001 mmnmn 9861 mw
9%502 ahte 86 1LY (114 7&Y 595y SSELE %200S SYES 6L9%% asvyy 6£101 6TEYE sger '\
$S607 8L¢ee Lsey L2419 <19y €L9ce 06L0S 0LeS oThysy Y09SY . 96101 80%SE %861
oyerr - Lo%e €E6LT €598¢ L59% 968LC 1818 £6Es 6T19% €899% 64201 yEY9¢t £861
9zt L1%€E 60881 Y1%6¢€ VA L) 0%L%¢ 61LS 15149 11%:74 18%6Y% 10201 0876¢ 861
118744 Tyt €006T 8%66¢€ 999% . TBTSE 141129 99z 91Z8Y €v50S 4500t 68%0% 1861
6671 66€€C 00161 66£0Y - 9%9% 137413 SISES 691§ 90%8% ylees %686 oty 086¢
9662¢ 08¢te 9L161 ozity S19% S0S9¢€ 131141 000§ 11114 Y6£2S L196 LLeey 6461
6.5t 09¢t 61261 L161Y y8SYy €LeLE 8yyes 608% 6€98Y 60S€ES L0€6 0Ty 861
65%2T ) 9z¢ee €ET161 96LCY Tesy wcwen 143439 9sY 89%8% 141349 2068 . 08SSY LL61

131 %44 [§:24 89061 €e9ey 69%% y1T6¢ L59¢S ey 1%4%:14 905SS s8ye 1z0LY 9161
1elog 231Yn-uoN EFFLT 1elol 2ITYM-UON I 1e30], IIFYM-toN CERUTY 18301 937 M-uUON 2ITUM

msn Jvsn AAVN ARyyY

uoy3daforg 9761 19qoad0

suotl23foag Juawkoydwaup f761 Arvnuep pue 9761 1290IdQ 103
8207A135 pue 90y £Aq ‘saBuwyy juswloydwoun pue uoyjwindog pajroefoiag 1apuy SUOTSEIDIY HSHA VIII-I PRIvaforg

S°S a1qel




*3urpunox 03 @np (0T 03 wns jou Lew safejusdasg

/5
v , *90TAI9S LIBITTTU

103 por3rrenb aae oym saTew 90TAies iofad-uou 9jenpei8 yooyos ysSfy ewoTdfp ‘pro-1edL-[Z-/T [IB SopnIouf <Zc\m

*yG 0 uelyl mmua\m

\m.cca b Z 1 T TT LT 8T 8Y 18303 JO JU8IAIJ

0S¥*vLL‘C L96°66 JALATY 689°CT TL8°6T £€C8°Y0E  €€T*T9% ¥80°98Y 99€°CCe T uorleindog

jq Vo

001 A 8 S £ £ LT €¢ 6t 18303 JO JUaDId(]

88L°0S¢ 0%Z‘9 TAVAIY IAAREA T9L°L L18°L S99°ZY 79€°LS 60%°L6 SUOTSSI0IY

aoa

00T /e < \ S € 1 LT Lz & Te303 30 JusdIa(g

_mcm.mm S6 82L°C 189°C y0L‘T t£9Yy £€98°6 £0E‘ST 826 ‘vt SUOTSSIY

4vsn

00T T L 9 S [4 61 ve LE Te303 3O JUL9D13{
.HﬂN.Hm 0T1¢e $92°t 818°T 9TY ‘1 66 L98°S . 9L YOS “TT SUOTSSIIIY -
oHSn 4

00T 4 Vi € £ y 9T (%4 €Y Te3031 Jo jusdaag

1Z1°0L TEOT whi'e 9/£°C Lt 126°C 9LT°TT L6L°LT ¥€€ ‘0¢ SUOFSEI0IY

ABN

00T S £t 9 € Y LT 81 e Te303 jJO Juadxad

160°C6 y08°Y SL9°TT Lyt s 668°C 8€8°¢E 6LL°ST 90891 EY0°TE SUOTSS3IIY

Ku1y

V1oL | A | 1€ | ve | Al y | [ ve | 1
) 33TYm-uoN 93TYM
sajenpean ewoTdfq ®TeW SdN
SL6T RD
VIVA VAD/INAWLSIINA XYVHWHNS
9°G 91qe]




- AET- -= iL- - 49— - YA XA 98-GL6T %

A1 L19°8€ 9T 9%6°0¢ (A} 8616y Tt ySE vy 9861 w__.
1T L00°TY ST 9zz‘ee o1 £Y8°eS 61 £68°0S 786T "
1T 1TE‘EY ST 6L5°T2 8- EVT ES 91 80€ ‘SS 8L6T
0t 91Z Yy vl %61°CC 8 6Y2°CS 1 §66°SS  (Ten3IdE) G/6T
IITYM-UON ¥ 1830} 93TYM-UON ¥ ﬁw.,.om. ?ITYM-uoN ¥ Tel0L | @3TYymM-uoyN ¢ Te3l0], .
aosiog IV sdi10o) aujael £aepN Auxy

SNOILOAr0dd INFWAOTIWINAO 09D
L4y KAVONVE JHI ONISN SNOILDArodd
INARLSTINA OSHA VIII-I 40 XYVHWNS

L°S @1qe],




|

Chapter 6

ACCESSION BUDGET IMPLICATIONS OF THE
ENLISTMENT SUPPLY FORECASTS

GENERAL

The purpose of this chapter is to estimate what the potential cost
would be to overcome the projected shortfalls displayed on Table 5.7
through increases in the services' accession budgets. The accession budgets
include three components — recruiters, advertising media, and recruiter
aides. The purpose of including a chapter in this study on the accession
budget implications of the enlistment forecasts is to show what the poten-
tial cost would be if the present course of action is continued in the face
of a smaller enlistable market. While no specific budget recommendations
can be made solely on the basis of these results, the data should be of
assistance to defense manpower policy analysts whose responsibility it is
to choose the most cost-effective management options available to sustain

an AVF,

METHODOLOGY

In order to estimate the budgetary implications of the enlistment
shortfalls, an optimal budget allocation model has been employed. This
model was developed under previous contract work for Department of the
Army and Office Secretary of Defense.l/, Two fundamental assumptions are
implicit in the modelling methodology. The first is that the programs
employed diminish in effectiveness at an exponential rate and, at some
point, provide no additional enlistments for each increment in the budget.
The second assumption is that the various accession programs, such as re-

cruiters, advertising media, and recruiter aides, are to some extent sub-

_stitutes for one another. In the analysis in this chapter, the multiplica-

s . 1/, . .. . .
tive exponential form—/ is assumed in the optimization. The algorithm

_g;locates funds among the competing programs in a manner that will

1/

— Documentation Report to Support the Analysis for Management of
Recruiting Resources and Operations (AMRRO) System, General Rearch

Corporation, CR-189, June 1977.
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maximize the number of additional enlistments obtained from a specific dollar

increment to the total accession budget.

The first step in using the model is to select a set of program
elasticities and convert these into marginal products. These data are
shown on Table 6.1 below.

Table 6.1
ACCESSION PROGRAM ELASTICITIES

Marine Air
Army Navy Corps Force

Recruiters .37 . .57 .35 .68
Advertising media .06 .06 .06 .06
Recruiter aides .80 .80 .80 .80

These are the elasticities assumed to be in effect at CY 1975 enlistment
supply levels. The only elasticities empirically derived from this study
are the recruiter elasticities. These are the non-race-specific composite
elasticities computed in Chapter 4 and displayed on Table 4.4. The adver-
tising media elasticities were taken from a similar econometric study
produced by GRC in 1974.2/ These measurements, while admittedly crude,
are the best estimates available on the direct effect advertising has on
enlistment supply. The recruiter aide elasticities were not empirically
derived but they are’based on the assumption that each person-year of
recruiter aide support produces 12 additional quality enlistments. These
assumptions were made by OSD(MRA&L) staff based on results experienced
with the Army's recruiter canvasser program. While both the advertising
media and recruiter aide programs are important, test Simulations using
the budget mode;rdgveloped by GRC show that the recruiter budget was the
most essential comﬁéhent of thé"foréé;;ts. The recruiter elasticities

used here rest on a much more solid framework of analysis.

g/Grissmer, D., et al., "An Econometric Analysis of Volunteer
Enlistments by Service and Cost Comparison of Service Incentive Programs,"
OAD-CR~-66, General Research Corporation, October 1974.
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The elasticities shown on the previous table do not represent direct
input into the model. Rather, they are used to compute marginal program
productivities that are used as input to the model. In order to compute
these program productivities, it is necessary to estimate the size of
each component of the services' accession budgets. The budgets that were
associated with CY 1975 enlistment supply levels are shown on the follow-

ing table.
Table 6.2

!SELECTEDHACCESSIOﬂlPROGRAM BUDGETS SUPPORTING CY 1975
ENLISTMENT SUPPLY LEVELS
($ millions) -

Marine Air
Armmy ~ Navy  _Corps  Force  Total
Recruiters 129.2 92.1 37.3 46.8 305.4
Advertising media 33.4 16.8 8.8 9.7 68.7
Recruiter aides 2.1 2.1 2.1 _ .1 _6.4
Total 164.7 111.0 48.2 56.6 380.5

The data shown on this table exclude certain items that would
normally be considered part of the accession budget. These are: enlistment
bonuses, non-media advertising, the DOD marketing fund, lease of recruit-
ing stations, AFEES operations, and leased housing for recruiters.

The purpose of this analysis is to determine what additions to the
accession budget would be required to compensate for the lost enlistments
due to population and unemployment declines. It would be useful to have
an estimate of the proportion of the budgets that vary with enlistment
workload. For purposes of this study, it is assumed that the advertising
media and recruiter aides budgets shown on Table 6.2 are entirely variable.
On the other hand, it is likely that there is some fixed component for the

production recruiter budget that would not be expected to vary over a

~ reasonable range of alternatlve enlistment levels and numbers of productlon

recruiters. This analysis assumes that 65 percent of the recruiter budget,

shown on Table 6.2, represents the variable component. This proportion is

based on another study conducted by GRC in 1974. 3/

é'/Ibld
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In line with this reasoning, the following table shows the method used

for computing marginal production rate for recruiters.

Table 6.3
MARGINAL PRODUCTION RATES FOR RECRUITERS

Marine Air
Army Navy Corps Force
1. Recruiter budgets $129.2M  $92.1M  $37.3M  $46.8M
2. Variable portion ((1)X.65) $ 83.9M 59.9M 24,24 30.4M
3. CY'75 Recruiter MY - 4,822 3,515 1,818 1,820
4, Variable cost per MY ((2);(3)) $ 17,400 $17,000 $13,300 $16,700
5. Recruiter elasticities : .37 .57 .35 .68
6. CY'75 Supply (I-IIIA HSG) 56,000 52,200 22,200 44,200
7. Marginal products ((5) X(6)+(3)) 4.3 8.5 4.3 16.5
8. Marginal cost ((4)%(7)) $ 4,046 $ 2,000 $ 3,100 $ 1,012
9. Production per milliom $
($1.0M = (8)) 247 500 322 988

The last line shows the number of additional quality enlistments that
can be obtained for the next one million dollars invested in production re-
cruiters for each Service at the base point, i.e., at CY 1975 accession levels
and expenditures. These four values plus similar figures for recruiter aides
and advertising media are input to the budget model and act as a starting basis

to project accession budget costs at various enlistment levels.

RESULTS FROM THE BUDGET MODEL

Based on output from the optimal budget allocation model, Fig. 6.1
displays a series of accession budget production functions, The numbers
annotated on each curve represent the marginal accession costs of recruit-
ing the next additional quality enlistment at CY 1975 supply levels. In
interpreting the figure, it is important to understand that each curve

represents the relative responsiveness of the quality enlistable market
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supply levels)
to changes in the accession resources under CY 1975 wage, unemployment and
population conditions. Thus, if any one Service wishes to increase the
number of enlistments it was obtaining from the enlistable market in CY 1975
and chose to do so by expanding its accession budget, it would operate along
the curves displayed on Fig. 6.1. TFor example, if the Army decided it was
necessary to increase the number of quality enlistments in CY 1975 from
56,000 to 67,000, for an increase of 20 percent, an approximate 50 percent
increase in the accession budget would be required (i.e., from 165 million
to 245 million). At that level, the cost of the next additional quality
enlistment would be $26,000. This example is intended to show that in-
creasing the degree of market penetration experienced by each Service
solely by additions to the accession budget can be very costly, and
certainly other alternmatives should be explored.

It is critical in interpreting the analysis discussed in this chapter
to distinguish between a shift in a production function and a2 movement
along.a production function. The previous example showed the cost that
would occur as the Army moves along its production function curve to

increase its market penetration at CY 1975 enlistment supply levels.
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The enlistment supply forecast described in Chapter 4 actually represents
shifts in the supply curve each Service faces. Thus, changes in population
and unemployment result in a shift of the production function as exemplified
on Figure 6.2,

This figure shows schematically the magnitude and the shift in the pro-
duction function that should occur when the supply of the enlistable market
is reduced by declines in unemployment and population through projected
CY 1986 level. The curve labelled I is essentially an expanded version
of the CY 1975 Army production function curve. This is the production func-
tion the Army operated on when CY 1975 population and unemployment conditions
were in effect. The slope of the curve at Point A ($4,450 per accession) is
the marginal cost of recruiting the next additional quality enlistment under

CY 1975 resource levels.

L 4
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The curve labelled II is the anticipated production function the Army
will face at CY 1986 enlistment supply levels. Assuming no change in the
accession budget beyond that established in CY 1975, Point B shows that
the Army can anticipate recruiting 21 percent fewer quality enlistments
should it decide (or be forced) to maintain a status quo in its accession
budget. Should the Army wish to restore the total number of enlistments
lost to the population and unemployment decline, it will have to increase
its accession budget along production function II up to Point C. At that
point it will have achieved the same number of enlistments it realized
in CY 1975, but the marginal cost of the next additiomal enlistment is
approximately three times larger than it was under CY 1975 conditionms.
Attaining Point C requires a $90 million or 56 percent increase in the
annual accession budget over the 10-year period.

Hopefully, with some understanding of the budget implications of
these shifts in the supply of quality enlistments, the results displayed

on Table 6.4 should become more meaningful.

Table 6. 4
CHANGE IN ACCESSION BUDGET TO OVERCOME

PROJECTED DECLINE IN NPS MALE DHSG I-IIIA
FROM CY 1975 LEVEL

:'”- r-

ARMY
Accession Budget
Required to Marginal
Shortfall Maintain CY 75 Average Cost Cost per
from -Levels Per Enlistment Enlistment
“CY'75 Level (Millions CY'75°$)  (CY'75 $) (CY'75 3$)
CY 1975 Actual 56,000 $ 160. $ 2,860 $ 4,450
CY 1978 . (2,500) 175, 3,125 5,700
CY 1982 (6,500) 190. 3,400 6,900
CY 1986 (12,500) 250. 4,460 14,300
6-7
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The data on the table show for three points in time beyond CY 1975

the anticipated quality enlistment shortfalls and the accession budget

implications should the Army attempt to compensate for these shortages

by increasing its budget to enlarge its market penetration. Each row

on the table essentially represents a shift in the production function

resulting from a reduced supply should population and unemployment decline

as projected. Essentially, the table shows that by CY 1986 the Army would

have to increase its accession budget by 60 percent to compensate for the

21 percent shrinkage in enlistment supply which will, in effect, triple

the marginal cost of bringing in the next additiomal quality enlistment.

Accession budget results for the Navy are shown on the following

table.
Table 6.5
CHANGE IN ACCESSION BUDGET TO OVERCOME
PROJECTED DECLINE IN NPS MALE DHSG I-IIIA
FROM CY 1975 LEVEL
NAVY
Accession Budget
Required to Marginal
Shortfall Maintain CY'75 Average Cost Cost per
from Levels Per Enlistment Enlistment
CY'75 Level (Millions CY'75 $§) (CY'75 $) (CY'75 $)
CY 1975 Actual 52,249 $ 111.0 $ 2,125 $ 2,175
CY 1978 + 894 107.5 2,060 2,100
CY 1982 + 594 - 108.0 2,070 2,100
CY 1986 (3,051) - 115.0 2,200 2,350

Unlike the Army, the Navy faces a much less serious problem should it

attempt to compensate for projected enlistment shortages through increases

in its accession budget. Overall, the results show that if the Navy is

required to maintain a status quo in the level of its accession budget, no

significant decline in quality enlistments would occur. There are primarily

two reasons for this. First, at the margin, the Navy is almost twice as
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productive as the Army with respect to the recruitment of quality enlist-
ments. Thus, each increment in the accession budget will produce for the
Navy twice as many enlistments. Second, results from the econometric
analysis conducted in Chapter 4 show that Navy quality enlistments are
not sensitive to changes in unemployment rates and, therefore, the only
decline in enlistments anticipated in this study is due to eventual de-
clines in the population.

Like the Navy, the Marine Corps faces a very similar situation. The
results in the study show that unemployment is not a factor in forecasting
quality enlistments for the Marine Corps and, while its marginal pro-
ductivity of recruiters approximates that of the Army, increases in the
accession budget are required only to offset declines due to population.

This is shown on Table 6.6.

Table 6.6

CHANGE IN ACCESSION BUDGET TO OVERCOME
PROJECTED DECLINE IN NPS MALE DHSG I-IITA
FROM CY 1975 LEVEL

MARINE CORPS
’ Accession Budget
Required to Marginal
Shortfall Maintain CY'75 Average Cost Cost per
from levels Per Enlistment Enlistment
CY'75 Level (Milliomns CY'75 $) (cY'75 $) (CY'75 $)
CY 1975 Actual 22,200 $ 48.0 $ 2,160 $ 3,375
CY 1978 + 400 46.5 2,100 3,050
CY 1982 + 0 48.0 2,160 3,375
CY 1986 (1,650) 53.0 2,390 4,100

For the Marine Corps, the results show that essentially a 10 percent
increase in the accession budget would be sufficient to offset projected
declines in enlistments experienced by CY 1986. While its accession budget
need be increased by only 10 percent, its marginal cost will be 20 percent
higher than CY 1975 levels and it does suggest that alternatives which may
be more cost-effective should be evaluated to compensate for the lost en-

listments anticipated by 1986.




The Air Force is anticipated to experience declines in quality enlist-
ments due to both population and unemployment shifts by CY 1986. In spite
of the fact that the Air Force is projected to experience a 13 percent
decline in enlistments, only minimal increases in its accession budget
will be required to compensate for this shift in quality enlistment supply.

The results of this analysis are shown on Table 6.7.

Table 6.7

CHANGE IN ACCESSION BUDGET TO OVERCOME
PROJECTED DECLINE IN NPS MALE DHSG I-IIIA
FROM CY 1975 LEVEL

AIR FORCE
Accession Budget
Required to Marginal
Shortfall ‘Maintain CY'75 Average Cost Cost per
from Levels Per Enlistment Enlistment
CY'75 Level (Millioms CY'75 § (CY'75 %) (CY'75 $)
CY 1975 Actual 44,200 $ 54.0 $ 1,220 $ 1,075
CY 1978 ( 900) 55.0 1,240 1,100
CY 1982 (3,200) 56.5 . 1,280 1,150
CY 1986 (5,600) 58.0 1,310 1,175

At the margin, Air Force recruiters are approximately four times more
productive than Army recruiters for the same quality group. As a consequence,
an increase in their accession budget of about 7 percent would be sufficient
to sustain CY 1975 quality enlistment levels for the Air Force. At that level,
only minimal increases in marginal costs will occur.

In summary, it is evident from the analyses that only the Army faces a
severe budget problem if it attempts to compensate for the shifts in enlist-
ment supply through additions to its accession budget. Serious examination
of more cost-effective management options which results in a broadening of
the enlistable market in contrast to the costly approach of increasing pene-
tration of the currently defined enlistable market, i.e., male, DHSG, I-IIIA

applicants, is essential at the present time.
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APPENDIX A

LINEARIZATION TRANSFORMATIONS FOR LEAST SQUARES PROBLEMS
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LINEARIZATION TRANSFORMATIONS FOR
LEAST SQUARES PROBLENS

W. G. DOTSON, JR., North Carolina State University

In various elementary gqourses of mathcmatics and statistics, the student is
introduced to least squares curve fitting. After learning to obtain lincar least
squares fits, he is almost invariably presented with the form y=ac* and told
that by application of the transformation ==In y lie can reduce the least squares
problem associated with this exponential form to a linc.r least squares prob-
lem. What he is seldom told, however, is that the application of the logarithmic
transformation distor<s his scale so that minimization of »_(In y.—(ln a +5x,))?
is not equivalent to minimization of Z(}';—ac-“‘-‘)‘-’. ‘I'his observation is not new,
see [1], p. 195, for example, but it has been neglected to the extent that the
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student is seldom given a valid method for application of linearization trans-
formations. Some authors (sec [4], p. 709, and, (5], pp. 186-191, for example)
point out the errors that can result from nonrigorous linearization, but then,
rather than proposing a valid method for linearization, they suggest the itera-
tive method of differential corrections as an alternative to be preferred. Many
others choose to propose nonrigorous linearization cxercises with no word of
caution for the student. The few authors who do point the way to a valid
linearization method generally seem to base their discussions on the idea of

" statistical weighting, and they do not appear to attempt a rigorous mathec-

matical justification of the method or a computation of error bounds (for examn-
ple, see [1], p. 194; [2], p. 302; [3], p. 336). All of thisis unfortunate, since many
least squares problems arising in data analysis are associated with simple non-
linear forms which are susceptible to linearization transformations. A few such
forms and the associated transformations are listed below.

Form Linearization Trensformotion <
y=ge>* . z=Iny
y=ax® s=lny
y=In(a+bx) : ' z=¢v
3= (ot} =y
y=alz—8)t a=v5
y=a/(b—x) ' z=1/y
y=ax/(b—x) z=1/y

For forms such as these, the use of linearization transformations is both com-
putationally more eficient and zesthetically more satisfying than the use of
iterative techniques, such as the method of differential corrections and the
Newton-Raphson method, to solve the nonlinear normal equations. Of course,
the accuracy obtainable with linearization transformations is not as zood as
that obtainable with the iterative techniques; but, even when very high accuracy

_ is required, linearization transformations are of value in providing good initial

estimates for the iterative techniques. The purpose of this note, then, is to cstab-
lish, for the undergraduate, a theoretical framework within which the proper
application of linearization transformations can be justified.

. For conciseness, we will consicer forms y =f(x, e, &) which involve only two
parameters to be determined by least squares. The results are perfectly general,
however, and their extension to any number of parameters is obvious. Suppose,
then, that we are given the form y =f(x, ¢, 5) and a set of data points { (x, ¥)1%,,
n>2. We consider the least squares problem of minimizing the function

S, 8) = 2 {z: = flzi, e, D}
t-] .

Itis assumed that there isa set YCR,, with 2;€X (i=1, - + - » 1), and an open

set D C R, such that fis a function from X XD to R, and Sis a function from I

to R, (where K, denotes the set.of all k-tuples of real numbers, with the Eu-

clidean metric topology). For each ¢ (=1, - - -, ), the partial derivatives of

ve

Sf(xi, a, b) with respect to @ and & are assumed to exist at all points of D. Let i

e ——— e
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be a connected subset of R; which contains the range of f and the numbers

" ¥u v -+, ya from the data. A function g: V=R, is said to be a linecrization trans-

formation for the form y=f(x, g, b) provided there exist functions P, Q, R, from
X to R,, and functions 4, B, from D to Ry, such that for all x&€X and all
(e, )ED '

glf(x, ¢, )] = Ao, ))P(x) + Ble, BQ) + R(2)

and such that the Jacobian 8(4, B)/d(a, b) is nonvanishing in D. For cxample,
consider the form y=a{x—5)?, and lct m =smallest x; in the set of data. Let
X={x:x2m} and let D= {e:a>0} X {b:b<m}. Let f(x, a, b) =a(x—b)* for
allxE€X and all (g, b)) €D. Suppose all the y,'s are positive, and let ¥'= fy:3>0 b
Then g(y)=y'? is a lincarization transformation for the form y=f(x, a, d)
=g(x—b)?, since gle(x—b)?] =Ax+B where 4 =1 (a, b) =+/a and B =5B(g, b)
= —b+/a for all (e, %) in D, and a(4A, B)/d(a, b) = —1/2. Here, of course, P
leaves all points of X fixed, Q maps all points of X to 1, and R maps all points
of X to 0.

We return now to the general case. If g is a linearization transformation for
the form y=f(x, a, b) then, for any given set of numbers Uy, * +, Wa, ONE CAN
consider the least squares problem of determining @ and b so that the function

T(G, b; wy, . .’ ) wn) = i w‘{gb’i] - gLf(x;, g, b)]}z

(2

= > uifely] - [4 (,8)P(x) + Ble, )Q(=) + R(x)]}?

t=1
= H(A, B;wh Tty w'l)

will be minimized. For each set of numbers 2z, - - -, w,, this associated least
squares problem is a weighted linear least squares problem in terms of the param-
eters 4 and B, so that the normal equations dH/d4 =3H /0B =0 are lirear and
can be solved for A and B by the usual methods for linear systems. One can then
obtain ¢ and b by simultaneous solution of the equations 4 (a.b)=4, B(c, b) =B,

. since d(A, B)/d(a, b) #0.
)

THEOREM. Suppose S(a, b) is minimized at the point (co, be) in D. If the
linearization. transformation g has @ nomzero derivatize ct each point of V', thern
there exist numbers wy, - + -, w, such that Tle, b; @y, - - - , Wa) 15 minimized al

(@0, b0). .
Proof. \Ve have 05/0a =0S5/3) =0 at (o, bs), whence

f:l (3% = £ aor B faly sy be) = O

i i = f(=i, 80, 80))fo(x:, 0, B) = 0.

iml
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For any numbers 2, + + -, wa. we have

Tc(a% bo; Wy * :""'l)
=—2 Z”: wi glys] = glf(xa ao, 8)]} ' [1(xi, o0, 0)]-falxiy cop Ba).
]

By the mean value theorem, for each 7 (=1, - - -, #) there exists a point &
between y; and f(x:, aq, bo) such that

g[y] - gU(‘u ag, 0) =§ ( ){)‘ .f(xir Qo, bo)} .

and so we see that we will have Tu(ao, Bo; =1, » + », wWa) =0 provided we set
w; =1/{g_( 2 [flea_ca bo)] } i=1, - -+, n. It is clear that this same set of
w,'s will make Ta(co, bo; w1, * * + 'w,‘) =0. Now since

aT oI aA all 4B oT GH a4 aI 9B

o o4 oz oD oz ab adA ob ' aB ab

and since the Jacobian 8(4, B)/d(a, b)#0 at (g, bo), we see that IH/dA
=3H/3B=0 at A¢=A(as, bc), Bo=DB(ao, bo). But it is well known thiat the
linear normal equations d/1/9A =3I1/dB=0 bave a unique solution and that
this solution does indeed correspond to the minimum of the function
H(AB‘Ul. ”'“-)ll) T(asb ‘-b"‘vvn)

From a practical standpoint, one mi. ., of course, use cstimates of these
weights w;=1/{g' ()¢’ [f(x:, o, bo)]} in the linearization procedure. Since it is
expected that ag and b, will turn out such that f(x;, go, bo) will be fairly close to
v, fori=1, - - -, n, and since ; must be between f(x;, ., bc) and v,, it is rcason-
able to use w; —-1/{ "(y:)}* as an estimate of w; provided ¢’ is continuous. One
can then solve the \»exghted linear least squares problem, using the weights ],
to obtain 43, By; and ag, &g are then obtained by simultaneous solution of the
equations A (a3, b5) =4g, Bles, b5) =B;5. The remaining problem is to estimate
upper bounds for lA%l = Iau —a,| and [Ab}| =|b5 —bo|. We have

'r”A - ! ! k
.o =, — = - .
N \ = {01 g@)T (s e bo))
Assuming g’ to be monotomc, (w hxch will generally be the case in applications)
we have

1 _ 1
{eGatr {g (s e 8o}

If we assume the existence of g/ at all peints of ¥ (again a plauSibIe assump-
tion), then the mean value theorem gives us the existence of points »; between

| awi] =

- y¢ and f(x;, @, bo) such that

. —2¢"(n:
‘Aw‘.lg‘_{ﬂl{..

Nl ACLTH o,bod'
8’(’7.‘)}: B f( a )!l
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Finally, assuming [2g"/(g')’[ M on Y (or, at least, on a connected subset of
Y containing the points y; and f(x;, ao, bo} =1, + - -, 1), we have

I A'w.-.l é A I ¥ —j(x.-, Qq, bo)l

and so

3 (Aw)t S 32 3 {3 — f(viy 80, 80)}* S 3D (i = Sz, any b))

-l -1 : =t :
since S(e, b) is minimized at (g,, bo).

Differentiating the normal equations df1/04 =dH/dB =0 partially with re-

spect to ] yields equations which are linear in d43/d=! and dB}/dw*. Hence,
we get

BA‘ . B: P
3 1 = k,{g[y‘] - g[f(x.-, Qo, ba)]} and = 1.{g[y-] - g{f('t\'i Qo, bO)]}r
('R w*: .
where .
PG >: #0()* = Q) X w5 P()Q)
( ’_Z; w;j P(x;) ) ( Ez w; Q(:c,-)-) —. ’_2; ‘f’:‘-P (-VJ)Q(-V;'))
and

Q=) 35w P(zy)t — P(z) 3 wrP(2)0(x)

- Jual Jml .
» . . a - ) LY . 2
2 ’0:'1’(-“:')')( 2 w:‘Q(-“:‘)‘) - ( 2w P(xi)Q(-'Cf))
\ jumi =t j=i
Finally, we have ’ . -
t
» 84 .
AA: = Z 2 Aw;
-1 Wl

so that, using the Ca'!.xchy-Schwarz inequality

asrs {E (CE)}- {5 e,

- ¥
il N\, =1

"whence

(ado)? < ( > kfely] = eli(=s co 501} ) (.w > Lyi = e ab 63} )

sl 1]
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Similarly, we obtain

(ABY)* = ( 2 isln] = elfte, an o)) ) (w 2y = Sz, aa, bz)}z)-
=l tem] .

Bounds for Aag and Ab* can now be obtained by examining the transformations

A(a, b), B(a, b) to see what region of the ab-plans corresponds to the region

Ao+ |AAY s B+ |AB; | wax of the A B-plane.

As a numerical example, consider fitting the three data points (x;, )
=(3, 0.2), (4, 2.3), (3, 4.4), with the form f(x, e, b) =a(x—b)* discuszed above.
One may easily checl that an exact solution of the normal equations s a, =.500,
b0=2.00, and that this solution does indeed minimize S(a, b). Lincarization is
e'x-c'cbm‘p.lished by the transformation gly] =" and we have 4 = va,B= —-b/a,

L P(z)=x, O(x) =1, R(x) =0. Using the weights = = 1/{¢'[5:]} =45, we obtain

Ag=.6579 and Bf = —1.176, whenace Go=(d))= 433 and by = =B/ /A% =1.79.
Noting that —2g"/(¢")3=4, we compute error bounds as indicated above:
IAA:,'I <.1317, [AB;'[ =0.631. Hence 4. should be in the interval [.5262, .7896],
and B, should be in the interval [—1.507, —0.545]. The actual values of 4, B,
are, of course, 4,=.7071 and B,=—1.411 The inverse trzasformation equa-
tions a=A? b=""FB/4 now give us dtonce the following bounds for a, and b,:
2775¢0=.623, 0.69<5,<3.43. It is interesting to observe that the usual non-
rigorous linearization (accomplished with the same transformation but with all
weights set equal to 1) vields AgT=.8252, B = 1.947, whence ag* = (A42*)?
=.681 and b;"=—Bg*/45"=2.36. Ve note that feg* —a,] >|ay—eo] and
|83 —~bo| > [85 —&4|, and that the error bounds obtained above for ¢, actually
exclude the value a3* =.681. Finally, we have Slao, bo) =.190, S(ef, 87)=.226, .-~
and S(a;*, b3*) =.345.

It is to be noted that our error bounds for Ag and B} are, in fact, bounds
for the total differentials of 4¥ and B; with respect to the »?, i=1, ..

: -, .
These bounds are therefore approximate. \We recall, however, that [Au-}" [
sSM- ly‘-—f(xf, @o, bo)| so thatif a good fit of the data is possible with the form
¥y=f(x, a, b) and if 2" /(g")3] is not too large, then the A} will be small and
our error bounds should be valid. In practice, an indication of the validity of
the bounds can be cbtained by observing the size of 172 i yi—fixs, o, 03) 2
which is an upper bound for 2 (Aed)e :
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Table B -8

Recruiters on Station 31 October 1977

State

Army

BERAFBRPABPEREBERENRBEI8REREER

70
4
50
42
521
68
64
17
1
142
114
28
22
273
145
80
64
74
68
28
80
133
219
102
41

Source: USAREC

Navy
56
2
33
39
413
60
50
8

5
106
78
10
15
155
84
31
15
43
53
10
66
60
152
80
24

USAF

24
1
15
18
141
12
17

58
33

67
41
22
11
19
23
10
18
38
53
30
14

USMC

37
1
25
20
231
31
31
1
2
50
43

90
47
33
17
32
29

43
37
99
46




State

Table B-~8 continued

Army
MO 140
MT 16
NE 49
NV 15
NH 23
NJ 137
NM 32
NY 354
NC 111
ND 22
OH 261
OK 70
OR 76
PA 243
RI 24
sC 61
SD 20
N 92
e 274
UT 28
vt 18
VA 106
WA 103
wv 49
WI 117
WY 8

Navy
100
15
31
10

88
19
235
42
11
168
53
76
118

33

58
195
14

52
66
20
56

USAF

37

34

96
30

70
20
17
88

[e -3

wn

27
84

28
27
19
25

UsMC

78

26

19
43
17
140
44

112
27
29

139

36
113

0*
38
41
25
48

* Replaced by 1 for the regression analysis.
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ESTABLISHMENTS DATA

STATE AND AREA HOURS AND EARNINGS

Table B-10

C-13. Gross hours and earnings of production workers on manufacturing payrolls, by State and selected areas

Average weekily sernmgs Aversge weekly hours Average hourty sarmngs
$um and o JUNE nay JUNE JUNE | way | JuNE JUNE vay JUNE
1978 1976 19760 1975 1976 |1978P 1975 1976 19740
ALABAMA ...ttt $160.34 [$174.90 |[s181.22 39.3 | 0.3 | &t.0 $4,08 $4.34 $4 .62
Birewnghem ..ottt (] 1934967 | 219437 | 218,90 | 39.5 | 40.6 | 39,8 4.91 S.43 5.50
MOBHE . inoiriereeieniocesesrasssucnarosasnsrane Zot.zo 210.67 22‘,41 4N 0 39,46 40,3 Se03 5.32 5.51
ALASKA .. .iiiuiiiiinaencanennas esacesesasairraas 307.08 335,27 (®y 37.4 6l1.7 ts) 8.21 8,04 (=}
MlZONf ................... eesecesssencseren ey 186.92 .| 202.58 206,73 n.7 39,8 39.6 9N & ] s .09 .17
PROBNIX ..ivienenccnnsonsnncans tevrevevsrscevane 187.93 202.29 235-65 33.6 39-9 3q'7 Q.B'] s.q? s.lq
Tuam R R R I R T AP lqo.lz 209.2; le.72 34).2 3q.‘ 39’5 g_.q 5.31 5.36
ARKANSAS ... 138,81 .| 154.77 | 154.03 | 39.1 | 40.2 | 39.8 3.55 3.8% 3,87
Fayettevilie—Soringdale .. 130,07 | 142.9 | 140.56 ] 35,9 | 39.9 | 39,7 3426 3.56 3.56
Fort Smith . 136452 | 150.54 | 156.06 | 37.2 | 38.6 | 39.2 3.67 3.90 3.93
Urtie Rock—North Littie Rock 157,19 | 175.47 | 176,51 | 39.2 | 39.7 | 39.4 4,01 &, 42 448
Pine Biutt 189.60 | 186.24 | 200,38 | 38.9 | 40.6 | 4l.6 4.36 4.61 4.86
203.97 { 219.14 | 223.04 | 39.3 | 39.7 | 39,9 5.19 5,52 5.59
190,68 | 206,63 | 207.20 | 0.1 | 4N.2 | 43.) 4,78 S.14 5.18
199.56 | 215.77 | 210.35 | 38.9 | 38.6 | 37.9 5.13 5.59 5.55
176,32 | 198435 | 197.12 | 39.0 | 39.2 | 38.% 466 5. N6 S.12
192.57 | 2n5.88 | 209.44 | 39.3 | 39.9 | 40.2 4,90 S.1% s.21
192.79 | 203.63 | 198.36 | 38.1 | 37.%5 | 36.0 5. 06 S.43 5.51
182,22 | 191.00 | 190.70 | 39.7 | 38.9 | 39.4 4,59 6.91 4. 86
205.%8 | 229.2% | 231.95 | 39.9 | 1319.8 | 40.2 S.16 5.7h S.77
220438 | 233.14 | 2640.95 | 38.8 | 38.6 | 39.5 5.88 6.06 6.10
184,61 | 195.55 | 191.01 | 38.3 | 38.8 | 37.6 4.82 5,04 5.08
194,43 | 211.53 | 213.40 | 38.5 | 38.6 | 38.8 5.05 5.48 5.59
239.78 | 265.44 | 270.92 | 38.8 | 39.5 | 39.9 6.18 6. 72 6. 79
218,79 | 246.58 | 250.06 | 39.0 | 39,9 | 40.2 5.51 s.18 6.22
176.18 | 188.28 | 185.93 | 38.3 | 38.9 | 38.1 4.50 4. 84 6.88
186.50 [.197.62 | 209.98 | 37.3 | 36.8 | 38.6 s.00 $.37 S.44
218.79 | 236.02 | 232.5¢ | 39.0 | 39,6 | 38.5 5.61 5.96 6.06
206.45 | 223.82 | 228,51 | 37.4 | 38.0 | 38.6 5.52 5.89 5.92
194,26 | 276,06 | 212.26 | 3%.6 | 39,4 | 40,2 4,93 5.23 5.28
198.97 | 208.96 | 211.86 | 39,4 | 39,5 | 39.6 5.0% $e 29 5.35
191.68 | 206.25 | 208.59 | 40.1 | 40.6 | 0.9 4,78 5 .08 5.10
201.06 | 218.40 | 224,27 | 4n.7 | #2.0 | #2.8 4.96 5.20 S.26
214.56 | 231.64 | 233,38 | 41.5 | 41.7 | 41.9 S.l7 $.55 5.57
199.35 | 207.25 | 209.%0 | 40.6 | 40.4 | 40,8 6.91 5.13 S.17
19502 | 205.53 | 207.43 | 39.8 | 0.1 | 0.2 4. 9N S.12 5. 16
199,58 | 216411 | 216462 | 476 | 41.8 | 41.9 4.94 5.17 5.17
166.40 | 183.86 | 185,15 | 40.0 | 41.5 | 4l.7 411 6.43 LYY
DELAWARE ..........c.ciiiniiiinnannnnes peeeeaes 196050 | 229.63 | 230.33 | 39.3 | 41.6 | &1.5 5.00 5.52 5.5%
Wilmingeon ... Ceetetereerecstinnanaaa, ceranen 225422 | 256423 | 257.50 | 39.1 | 41.8 | &l.6 $. 76 6.13 5419
DISTRICT OF COLUMBIA: .
Weshington SMSA ......... R T RT ERTRPTE 217.32 | 210.21 | 214.42 | 38.6 | 38.5 | 39.2 5.63 5.66 S.47
161,19 [ 173.38 | 173.40 | 39.8 | 40.7 | 0.8 4.0% 4426 4425
155.62 | 169.49 | 173.29 | 39.2 { 39.6 | 40.3 3.97 6.28 .37
202.86 | 214.11 | 217.26 | 42.0 | 41.9 | 42.6 4.83 S.11 5.10
145.78 | 149.23 | 150,78 | 39.4 | 39.9 | &0.1 3.73 3.7 3.76
163,17 | 174.58 | 177,02 | a4l.1 | 40.6 | 40.6 3.97 4,30 4435
194.81 | 217.33 | 211.84 | &l.1 | 42.2 | &l.7 474 5.15 5.08
178.49 | 182.61 | 198.78 | 40.2 | 40.4 | &l.4 Cobs .52 | 4.56
191.02 | 206467 | 209.10 | 0.3 | 81.9 | 42.5 4. Th 4. 88 4.92
151426 ! 1687.68 | 169.72 | 39.7 | 0.6 | 40,7 3.81 4,13 .17
179.54 | 210,08 | 299.87 | 39,2 | 40.4 | 39.9 .58 S. 20 5. 26
191.78 | 216,72 1.226.37 | 416 | 3.9 | #3.2 .61 5.04 5.24
i .
AW L iiiiiiiiiieerianaannnaaen 175.28 . 193.55 i 192.27 39.3 38,1 35.4 4046 5, 08 ? 4,88
HOMOIMA .« iiiieiianneaienrarannanvnranecennenns 170.61 181. 42 123,38 33.6 3643 38,5 hob? 4.93 : 4.715
1 ~ ' .
IBAKD oot 181.12 |7194.30 | 207,11 | 38.7 | 38.4 | 39.: 4,68 5.06 | s.27
See foomotes 3t end of tabie.
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Table 'B~-10 continued

ESTABLISHMENT DATA
STATE AND AREA HOURS AND EARNINGS

C-13." Gross hours and earnings of production workers on manufacturing payrolls, by State and seiected areas—Continued

. Aversge weskiy sarnings Average weakiy hours Awrage hourty sarmmng

Sws and aree JUNE mMay JUNE JUNE MAY JUNF JUNE MAY JHUNE
1978 1976 1976 197s 1976 |197sp 197% 1976 19740

$212.66 |$233,29 {*) 39.6 40,5 (o) $5.38 $5.77 t*)
216;37 263,95 |$245.78 39.7 41.0 4l.l S5 5.95 $5.90

216.68 242418 (») 40,2 41.9 te) %.39 S.78 (=)
213.18 231. 20 232.18 39.4 40.0 0.1 Sebl 5.79 5.73
214,09 234.4) 252.76 39.5 40.7 41.3 Se 42 5.76 8.12
216.98 238.16 238.76 38,0 39.3 39.4 5.71 6408 6.06
265.65 274,13 278.00 38. 6 38,5 40.0 639 6.94 6.95
188.16 212.70 207,09 39.2 39.1 39.0 %.80 Se b6 S«
265.99% 284,97 283,29 39.4 39.8 39.4 6.75 T.16 T.19
186 .42 200.28 202.91 40,6 %0.8 41.3 4.59 4.91 4.9
190.02 183. 76 190. 80 40.2 40.3 4109 4.73 4.56 4.65%5
211.34 219. 72 219.64 4l.7 4l.3 41l.4 5.07 5432 S.31
176.93 199. 40 200.09 38.8 39.8 39,7 4,56 S.01 5.04
212.22 232.80 236416 39.3 40.0 40.3 5S¢ 40 5.82 5.85%
194.14 217. 24 223.13 49,7 41.3 62.1 4.77 526 5.30
245,86 276.87 282,01 42,1 42.4 42.6 S5.94 6.53 652
185.10 205,25 216.52 3%.3 39.7 4l.s 4. 71 S.17 5.23
180.09 185.78 196.30 4l.4 4N.3 41.5 4.35 ¢ b1 $.73
150.88 160.40 163.60 39.6 39,9 40.0 3.81 6,02 4.09
127. 38 140.30 140,86 38.6 39.3 39.4% 3.30 3.57 3.57
160.37 169.62 173.75 39.5 40.1 40.5 4. 06 4,23 4.29
1°27. 39 218. 80 219.60 39.4 40,0 48.0 5.01 S A7 5.49
206,71 228.17 232.30 39.6 40.1 60. 4 5.22 5.69 S.75
173,21 188. 47 188.87 39.1 40.1 40.1 $.43 4.70 4.7
191.18 207,43 209,27 39.5 40.2 40. 4% 4. 84 Sel6 5.18
145.54 152.85 154.80 38.46 3s.5 38.7 3.79 3.97 4.00
126,96 137.90 138.90 3S.5 3ee 1l 35.8 3.52 3.82 3.88
167 .42 181.94 181.37 39,3 39,9 39.6 4.25 4. 56 4. 58
165.95 168.13 169.38 39.7 39.1 39.3 6.18 4.30 4.31
148.60 159.80 16le46 3842 38.6 39.9 3,89 4old sal6
173.05 188.73 190.01 39,6 40.5 40.56 4,37 b b6 4.68
174. 47 189.21 188,02 38.6 39.5 39.5 $.52 6.79 4.75
245.19 292,51 300.80 40.3 43.1 43.9 6.08 6. 79 6.85
256. 77 331. 94 342.18 4N.3 85,1 45.3 6.62 Te38 T.39
266 .75 282.51 282.57 42.1 41l. 4 41.5 6. 34 6. 82 5.81
265.59 306.79 309.05 44 .6 47.3 47.4 5.96 6,49 6.52
2%9.77 311.24 321.3% 40. 1 43.5 4.7 8,48 T.16 7.19
274 .60 353.39% 357.35 40Q.4 47.0 47.1 6.80 Te 52 7.59
203.95 2264 26 227.93 39.5% 40.4 4.5 5.16 5.55 S.63
227.22 242.58 261,746 41.0 40.9 40.9% S.54 $.93 5.97
221.97 254.89 256.76 40.3 41.5 &lab 5.51 6o 14 6.17
248. 48 332.05 323.73 40.2 45.8 44.9 6.18 7.2% 7.21
217 .69 248 .66 248.11 40.5 41.7 4l. 4 Se 38 S5.96 5.99
281.52 3466.47 348,50 40,7 46,7 44,6 5.92 T.7S 7.81
198,88 214.49 215.28 39.3 39.5 39.5 5. 086 5.43 S .45
183.38 194,89 197.18 39.1 38.9 39,2 . 4.69 S.01 5.03
212.40 228.10 230. 26 39.7 39. 6 39.7 5.35 575 5.80
140,54 150.84 152.78 39.7 39.8 40,2 3.54 3.79 3.80
15111 153.58 156. 78 ol 40.1 40.2 3455 3.83 3.92
187.07 204.00 205,31 39,3 40.0 40.1 .76 5.10 S.12
208.47 237.39 240.12 39,3 41.0 4l.4 5.33 S.7% 5.8)
184,12 190,89 196,50 4l.1 40.0 40.6 448 4 77 4. 84
216422 233,02 236.45 39,6 39.9 39.9 S.46 S.84 5.93
159 .44 174,99 L77.06 38.7 39,5 39,7 4.12 4,43 $.05
189.74 231. 45 230.58 36.7 39.7 39.5 S.17 5.83 S84

L4 .
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ESTABLISHMENT DATA
STATE AND AREA HOURS AND EAR

Table B-10 continued

NINGS

C-13. Gross hours and,earnings of production workers on manufacturing payrolls, by State and selacted areas—Continued

Averasge weskly sernings ° Aversge wesily houty A"M L

Stte ond are JUNE Ay JUNE JINE | @AY  [JUNE JUNE wey JUNE
197% 1976 1976 | 1975 | 1976 |L97sP 1978 197 19769
S181.96 [3207.16 [3208.47 | 41.0 | 41,6 | #2.7 | s4.46 | 84,98 | 34.89
159.81 180,15 | 184,27 | 37,8 | 39.6 | 39.¢ 8222 §.5% 4,87
199421 | 223.47 | 228.80 | 40.9 | 42.0 | 42.5 .87 5. 32 S.3n
200,26 | 204.7S | 219.06 | 3A.0 | 37.5 | 39.4 5.27 S .46 5.5h

246 .87 | 280.17 (*) 39.0 | 39.6 1=) 6.33 6.57 tey
154,06 | 165.%7 | 166.76 | 39.3 ! 39,8 | 39,8 3.92 416 4.19
142.40 | 153,66 | 15171 38.8 | 39.5 | 38.8 3.87 3.89 3.91
175.n8 182.40 | 184.80 | 39.7 | 40.5 | an.d .01 .56 4.56
197.96 | 220.18 | 221.01 | 40.4 | &l.7 | 4l.7 4.90 5.28 5.30
146,43 160.01 | 162.80 | 35.2 | 36.7 | 37.2 4,16 4.3 440
180,42 | 196.71 | 197.51 | 38.8 | 39.9 { 39,9 4,58 4.93 4.95
190,87 | 204.22 | 204.11 | 39.6 | 4n.2 | 40,1 &.02 5. 08 S. N9
190,55 | 203.31 | 205.40 | 4Nn.2 | 40,1 | 40,2 474 8 .07 S.16
21187 | 231.90 | 232,22 | 39.9 | 40.9 | 4l.1 5.3 S.67 5.6%
Newark......cooeunnnnn. cerreenaes seesescencsied 205418 | 229452 | 229.30 | 61.2 | 42.9 | &2.7 4,98 5.35% $.37
Prtarson—Cliteon—Passeic * ............... PRI ] 192.10 | 208.38 | 207.40 | 0.7 | 42.7 | 42.5 .72 4 .88 4,08
Treawr ..oooallll D RN cesveneneaced 213070 | 265.40 | 267.34 | 2.4 | 46,7 | 45,3 5,04 S, 49 S.46
146,67 | 158.77 | 1%6.02 | 39.1 | 40.4 | 39.8 3.70 3.93 3.92
151430 | 160.34 | 156.42 | 39.4 | 40.8 | 39.7 3.94 3.93 3.9
190,12 | 206.98 | 207.38 | 38.8 | 39,5 | 39,5 4.90 5.24 5.2%
198.18 | 223.02 | 223.31 | 39.4 | 41.3 | 40.9 5.03 5. 40 S. 46
185.09 | 196.65 | 193.05 | 60.5 | 41,6 | 0.9 4.57 4,75 472
230.10 | 266.80 | 272.54 | 39.2 | 41.3 | 4l.8 S.A7 5.46 6.52
184,93 | 202.40 | 200.15 | 39.6 | 0.0 | 39.4 667 5. 06 5.08
237.69 | 270.28 | 264.38 | 40.7 | 2.1 | &1.7 S.84 6.42 636
187,46 | 195.42 | 196.02 | 39.3 | 39,4 | 39.6 477 4,96 &.9%

Now York—Northesstsrn New Jersey  ...oeoceicinnanend 187.20 | 201.17 ts) 39.0 | 39.6 te) 4,80 .08 (*)
176.90 | 186.47 | 186.96 | 37.8 | 37.9 | 3.0 .68 4.92 4092
175413 | 184.99 | 185.48 | 37.5 | 37.86 | 37.7 467 4.92 6.92
173,72 | 182,77 | 183.26 | 37.2 | 37.3 | 37.6 4.67 4.90 4.90
194,00 | 217.87 | 215.87 | 38.8 | 40.8 | «0.5 5. 00 5.36 $.33
228,83 | 257449 | 251.%2 | 40.5 | 41.8 | 41.3 $.65 6a.16 6.09
188.37 | 207.90 .| 211.08 | 41.4 ] 42.0 | 42.3 6.55 4.95 6.39
205 .64 | 224.95 | 224.4) | 40.6 | 41.2 | 4l.1 S. 06 5.466 Se45
170.21 | 187.53 | 190.40 | 39.4 | 39.9 | ¢0.0 .32 .70 4. 76
183453 | 199.87 | 200,09 | 39.3 | 39.5 | 39.7 6.867 5.06 5.04
134.59 | 147.66 | 148.83 | 38.9 | 39.8 | 39.9 3.46 3.71 3.73
133.72 | 146.03 | 147,97 | 39.1 | 39.9 | 0.1 3.42 3.6% 3.69
133.08 | 152.07 | 152.03 | 38.8 | 4l.1 | &1.2 3.43 3. 70 3.69
147,06 | 158.79 | 160.38 | 38.7 | 39.5 | 39.5 3.80 4,02 4.05
150.93 | 161.85 | 162.26 | 38.6 | 39.0 | 39.a 3.91 415 sa1s
169,62 | 187.93 | 191.35 | 40.1 | 39.9 | 5.2 4.23 4.T1 4. 76
182.51 | 202.19 | 203.77 | 40.2 | 40.6 | 1.0 A 5S4 4.98 8,97
220.95 | 250.43 | 2%52.89 | 40.1 | 6l.5 | 41.8 .51 6.N02 6.05
235,00 | 262.60 | 240.8% | 41.3 | &l.4 | 4l.1 5.69 5.86 5.8%
220,81 | 244,95 | 246.86¢ | 39.5 | 39,7 | 39,3 5.59 6. 17 6423
209.20 | 231.54 | 234.89 | 40.7 | 41.2 | s1.5 S.le 5.62 5.66
226 .80 | 259.30 | 263.30 | 40.0 | 42.3 | &2.4 5. 62 6413 621
207.63 | 226.24 | 230.06 | 39.7 | 40.4 | ¢0.5 5.23 5.60 5.68
232.47 | 268.27 | 264.31 | 41.0 | 43.2 | 62.7 5.67 6.21 5.19
236.03 | 259.79 | 259.79 | 40.7 | &1.7 | al.7 5.75 6.23 6423
243,42 | 276480 | 278.80 | 38.7 | 40.0 | 40.0 6.29 6.92 6.97
174,32 | 187.13 | 190.35 | 39.8 | 39,9 | 40.S 6.38 4,69 4.70
17%5.96 | 192.23 | 190.95 | 39.9 | 40.3 | 3.2 441 4.77 4. 75
189,77 | 210.48 | 208.55 | 39.7 | 40.4 | 39.8 478 $.21 Se24
221,05 | 233.63 | 245.52 | 39.9 | 39.2 | 39.s .54 5.96 6.2
237.02 | 246.%8 | 269,046 | 2.1 | 39.9 | 41.2 $.63 6.18 5.53
234,77 | 237.34 | 266.58 | 41.7 | 39,1 | 42.4 S.63 {. 5,07 6.24
209.21 | 232.46 | 232.56 | 37.9 | 39,2 ! 38.5 5.52 5.93 5.36

Sss foomotes ot eng of table.
’,
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Table B-10 continued

ESTABLISHMENT DATA
STATE AND AREA HOURS AND EARNINGS

C-13. Gross hours and earnings of production workers on manufacturing payrolls, by State and selected areas—Continued

. Aversge weshiy sernings Average weshly hown Average haurty sarmngs
" Sute ol e JUNF way JUNE JUNE | WAY | JUNE JUNE wAY ¢ | JUNE
197S 1978 19768 1975 1976 |1976P 1975 1976 19759
PENNSYLVANIA . ......oiiiiiiiiiiiniineiansniens $188.54 | $207.76 | $208.7%% I8.4 39,2 39.2 $4.91 $5.30 $5.33
8 188.98 | 199.%54 | 201.22 | 38.1 | 38.3 | 38.4 4.98 s.21 5,26
159.09 | 173.25 | 171,77 | 37.7 | 38.5 | 38.6 4,22 4,50 4,45
198,27 ! 221.65 | 220.73 | 38.8 | 39.9 | 39.7 S.l1 5.55 5.56
203,77 210.60 | 208.64 | 41,0 | 40.5 | 40.2 4.97 $5.20 5.19
175.87 | 188.64 | 189,21 | 39.7 | 39.3 | 39.5 4,43 4.80 4.79
206.45 | 225.38 | 228.82 | 3T.1 | 37.5 | 38.2 5.57 6401 5.99
169.26 | 191.63 | 190.76 | 39,0 { 40.6 | 40.5 .34 4. T2 471
139,59 | 147.60 ) 1648.99 | 35.7 | 36.0 | 35.9 3.91 4.10 4e1f
196.33 | 218.25 | 217.56 | 38.8 | 39.9 | 39.7 S.06 5.67 5,43
225.03 | 254.29 | 255.91 | 39.0 | 40.3 | 40.3 5.77 6.31 6.35
172,77 ! 187.46 | 187.77 | 39.0 | 39.3 | 39.2 4o03 .77 4,73
140.79 | 145,20 | 148.83 | 36.1 | 35.5 | 36.3 3.90 4.09 4,10
137.42 | 148.62 | 148,10 | 35.6 | 36.2 | 35.6 3.86 4.10 416
172.48 | 176.1% ] 17%5.38 | 39,2 | 38.8 | 38.8 4.00 4,56 6.52
175.76. | 191.47 | 193.64 | 40.46 | 41.0 | 4122 (Y81 467 4,70
RHOOE ISLAND ... ooucovveirerreseeniuonancians 168.22 | 162.35 | 165.19 | 38.7 | 39.5 | 39.9 3.83 4.1 416
arwick - KOt Lol 148.22 | 164.81 | 166,43 | 38.7 | 0.1 | 0.2 3.83 & 11 a4 le
140.%4 ; 153.12 [ 155.07 | 39,7 { 40.4 | 40.7 3.54 3.79 3.81
160,00 | 173.66 | 173,72 | 40.2 | 40.2 | 40.4 3.98 6.32 4,30
14le74 ! 1S1.70 | 153.26 | 38.0 | 39.2 | 39.5 3.73 3.87 3.88
161.91 | 155.42 | 155.06 | 40.2 | #0.9 | 0.8 3.53 3.80 3.80
177.66 | 179.34 | 183.72 | #2.4 | 40.3 | 4l.1 .19 .65 4,47
Soux Falls ................................... 225.62 226.59 236.56 Ql..s 51.5 52.7 5. a7 Sehb S50
157,16 | 168.92 | 172,63 | 40.5 | 40.9 | 41.2 3.99 4.13 4.19
170.54 | 178.70 | 185.59 | 40.8 | 40.83 | 41.8 4,18 4,38 [T
178.35 | 202.65 | 206.59 | 39.9 [ 4le.s [ 41.4 P 4. 89 4,99
185.66; 185.33 | 194.00 | 40.1 | 39.5 | 40.5 6.53 6.69 ‘4,79
162.74 | 176,62 | 17671} 39.5 | 3%.6 | 398 4.12 6.46 bobh
185.64 | 199,67 | 203.12 | 40.8 | 41.0 | »l.2 4.55 4.87 4.93
155.20 | 178.36 | 178,09 | 38.8 | 39.2 | 39.4 4.00 4.55 4,52
153.71 | 168.92 | 172.08 | &l.l | 41.0 | 40.3 3.76 4,12 4,27
235.73 | 272.00 | 275.65 | 38.9 | 40.0 | 40.3 6.06 5.8) 6 .84
202,57 ! 210.76 | 206.93 | 43.1| 38.6 | 37.9 4. 70 S.46 S.46
175.82 ) 183.82 | 186.00 | &Nn.7 | 40.e | #0.7 4.32 4.55 4,57
130.42 | 143.05| 148.06 | 38.7| 39.3( 39.8 3.37 3.64 1.72
291.50 | 328.71 | 328.26 | 44.1 | 443 | 44,3 6.61 Tob2 T.61
222.50 1 243.76 | 268.22 | 62.3 | ¢2.1 | 42.9 5.25 5.73 5.31
150.73 | 150.12 ! 150.59 | 42.7| 41.7 | #l.é 3.53 3.40 3.62
140.35 | 151.37 ] 153.00 | #0.1{ 40.8 | ¢0.3 3.50 3.71 3.75
156,311 173.13 ] 174,93 | 40.5] 39.8 ] &0.4 3.8t 4.35 %433
165.57 | 173.86¢ | 175.22 | 4le6 | 39.6 | 39.2 3.98 4039 4 67
153.54 ! 160,22 | 158.65 | 38.1 ] 38.7 [ 38.h %.03 .14 411
153.58 | 159.12 | 160.31 | 38.3| 139.0 | 39.1 4,01 4,08 4,10
165.65| 17%.82 ) 177.92 | 40.5] 40.7 | 40.9 4,09 4,32 6,35
186.91 | 207.83 | 207.27 | 41.0 | 42.5 | 42.3 4.51 4. 89 4,90
187.37] 188.00| 186.59 | 1.0 40.0 | 39.7 4.57 4.70 4,70
156.81 | 170.45 | 171.65 | 39.6| 40.2 | 40.2 3.98 4. 26 4,27
152.87] 180.18| 170.34 | 39.4 | 40.6 | 39.8 3.88 Ty 6,28
160.80 | 18%5.56| 187.32 | 40,2 41.7 | 42.0 4,00 4.45 [P
198.18! 185.9¢ | 186,58 | 39.4 | 38.9 ! 38.0 5,03 4,78 4.91
180.32] 205.00| 202.31 | 39.2| 41.0 | &0.3 6.50 5.09 5.2
141,21 ) 151.69 | 148.58 ] 38.9! 39,4 39.1 3. 63 3.85% 3.80
223.86; 244,95 268.77 | 39.0| 39.7 | 39.3 5.4 6.17 6.33
231.67; 253.04; 253.62 | 39.4| 39.6] 39.2 5. 88 6.79 B.67
192.62 | 218.01 | 219.18 | 36.9| 39.0 | 39.0 5.22 5.59 5.62
230,464 247.68 | 2646.91 | 39.8] 38.7) 38.7 $.79 6.42 6.38
189.83 ¢ 213,321 213,05 | 38.9! 40.1| 39.8 4,88 5,32 - 5.38
22T.01, 263.72) 264,96 | 1.2} et.1] el.l 5.51 5.93 5.96
209.61 ) 238.79 | 239.38 | 3T.8' 40.2 | 40.3 S.54 5. 96 5.94
206. 58 | 232.15| 23%5.91 | 39.2| 40.8 ) 4l.l 5.27 5.69 5.76

See footnores at end of table.
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ESTABLISHMENT DATA

Table B-10 continued

STATE AND AREA HOURS AND EARNINGS

’

C-13. Gross hours and earning of production workers on manufacturing payrolls, by State and selected areas—Continued

Average weekly semings - Averasge weekly haurs Aversge hourly sarmingt
State and acee JUNE nay JUNF JUNE | way  fune Juns wy JuNE
197% 1976 19769 1975 19764 1976° 1975 197% 19769
WEST VIRGINIA-Continued
WROHINg .. ...cccicneciiotrensnantenactscioracses $520%.32 $219.%4 j217.80 40.9 39.7 39.6 45 .02 45 .53 $5.50
210.86 |228.77 [227.66 |40.2 | 40.6 | 40.3 5,25 | 5.63 5,64
.. 199.98 217.88 222.30 %0.7 4l 4l. 6 .32 $e3) 5.37
« 218 239 228.25 232,27 4l.7 41.0 ol 7 .23 5. 56 5.56
-] 28666 260,61 295.93 43,3 39.2 38.4 662 6.65 666
4 189.80 198.99% 189,90 62,1 41.8 40.5 4.51 6,77 4069
v 236,77 248 .67 245.32 4042 40,3 39.7 5.85 6e17 6.18
| 229.61 249. 6% 268,40 40,0 40.0 60.0 S.74 6.18 6.21
223.79 240.469 236,75 39.4 40.0 39,7 5. 69 6o M2 5.9%
4 195.17 228.08 | 222.27 |38.7 | 41.3 4.6 5.04 5.52 5448
f 223 .45 251.17 2590.80 35.4 42.2 39.7 bel6 5.95 6.31
1 185.07 270.81 233 .64 3t.0 33.0 29.9 5.97 8.20 7.81
! Bemdon 19725 d Industrial C 1* Subarss of Northesst Pr d Metr Arss: Luzsme
3 |nitisi publication in this wble, County.
S of Phi ia, Pennsyivenia S Sutistical Ares: Buri- t Suberes of W D.C. S A isical Area: A .
ington, C:mum, and Gloucester Counties, New Jersey. Fairfax, Falls Chureh, Manassas, and Mansstas Park cities, and Arlington, Fairfax, Loudoun, and
. Subares of New York—Northeasiern New Jersey. Prince William Counties, Virginia.
S of Rochester S itan Stati Ares, o= preliminacy.
¢ Ares inciuded in New York and Nasssu—Suffolk combined SMSA's, * Not svailable.
T Subsres of New York S " i Area.
' S f Philaceiohia, P Mets itan S { Ares: Bucks,
Chuster, O ., v, and Phil is Counties, P vani
* Suberes of N Pennsyivenia S Merr Sutsticsl Arsa: Lacka-
wanne County, SOURCE: Cooperating State agencies listed on inside back cover.
.
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APPENDIX C

CORRELATION MATRICES, MEANS AND STANDARD DEVIATIONS
OF VARIABLES USED IN THE SUPPLY MODELS

c-1




APPENDIX C

In this appendix, the following generic labels are used with

reference to the model under consideration, viz.

Ng» N

Qw’ QB’

N,

T

white I-ILTA, DHSG, 17-2l~year-—old male accessions;
non-white I-IIIA, DHSG, 17-2l-year-old, male accessions;
total I-IIIA, DHSG, 17~2l1-~year-old, male accessions;

white, I-IITIA, DHSG, 17-2l1-year-old, males who are not

currently in school;

non-white, I-IITA, DHSG, 17-2l1-year-old males who are not

currently in school;

total, I-IIIA, DHSG, 17-2l-year-old, males who are not

currently in school;
recruiters assigned at station level;
general unemployment rate;

the index of civilian wage computed as the reciprocal of

average manufacturing wage.

s and R are specific to the service under consideration while

QT’ U and E are service-independent.
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Table C~-1
Army White Supply Model Correlations

NW QW R U E

Nﬂ 1.0 .95 .96 26 -.23
Qw 1.0 .94 .19 -.37
R 1.0 .21 -.25
1.0 .Q8
E 1.0
Table c-~2

Army Non-white Supply Model Correlations
N Qg R U E

NB 1.0 .60 .59 .20 .26
QB 1.0 .88 22 -.21
R 1.0 .21 -.25
U 1.0 .08
E 1.0
Table C=3
Army Total Supply Model Correlations
N,r QT R U E
NT 1.0 .92 .96 .27 =16
QTI.' 1.0 .95 .19 -.36
R 1.0 .21 -.25
1.0 .08
E 1.0
Table c =4
Means and Standard Deviations for Army Supply Variables
Variable Mean Standard Deviation
NW 938.216 936.253
NB 159.725 200.375
NT 1097.94 1060.72
QW 12695.3 13464.0
QB 547.176 744,086
Q’I‘ 13242.5 14075.3
R 96.333 98.835
8.41 2.136 -
E .0055 .00087




Means

Table C=5
Navy White Supply Model Correlations

NW Qw R U E

Nw 1.0 .94 .97 .23 -.27
QW 1.0 .89 .19 -.37
R 1.0 .21 -.26
U 1.0 .08
E 1.0
Table c=~6
Navy Non-white Supply Model Correlations
N g R v E
NB 1.0 .87 .93 .19 -.12
QB 1.0 .86 .22 -.21
R 1.0 .21 -.26
4] 1.0 .08
E 1.0
Table ¢c=7
Navy Total Supply Model Correlations
No N,r QT R U E
Qrp 1.0 .94 .97 .23 -.26
R 1.0 .90 - .19 -.36
U 1.0 21 .26
E 1.0 .08
1.0
Table ¢ -8
and Standard Deviations for Navy Supply Variables
Variable Mean Standard Deviation
NW 943.745 1006.90
NB 80.7451 92.6871
Ny 1024.49 1092.23
QW 12695.3 13464.0
Qs 547.176 744.086
Qr 13242.5 14075.3
R 61.608 71.728
8.41 2.14
E .0055 .00087
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TableC -9
USAF White Supply Model Correlations

Nw Qw R U E

NW 1.0 .93 .92 .28 =.24
Qy 1.0 .93 .19  =.37
R 1.0 .23 - -.20
1.0 .08
E 1.0
Table C-10
USAF Non-white Supply Model Correlations
NB QT R U E
NB - 1.0 .90 .85 .22 -.04
QB 1.0 .86 22 =21
R 1.0 .23 -.20
1) 1.0 .08
E 1.0
Table C-11
_ USAF Total Supply Model Correlations
NT QT R U E
NT 1.0 .93 .97 27 -.22
Qp 1.0 .94 .19 -.36
R 1.0 .23 =.20
U 1.0 .08
E . 1.0
Table c-12
Means and Standard Deviations for USAF Supply Variables
Variasble Mean Standard Deviation
NW 781.000 802.627
NB 85.9804 101.717
NT 866.980 886.234
QW 12695.3 13464.0
QB 547.176 744.086
QT 13242.5 14075.3
R 26.843 27.880
8.41 2.14
E .0055 .00087




Table C-13
USMC White Supply Model Correlations

Nw QW R U E

Nw 1.0 .97 .96 .19 -.35

QW 1.0 .94 .19 -.37

R 1.0 .16 -.27

U 1.0 .08

E 1.0
Table Cel4

USMC Non-white Supply Model Correlatiomns
NB QB R U E

NB 1.0 .86 .81 .20 -.08
QB 1.0 .87 .22 -.21
R 1.0 .16 -.27
U 1.0 .08
E 1.0
Table C-15
USMC ?otal-Supply Model Correlations
NT QT R U E
NT 1.0 .97 .97 .20 -.31
QT 1.0 .95 .19 -.36
R 1.0 .16 -.27
U 1.0 .08
E : 1.0
Table C-16
Means and Standard Deviations for USMC Supply Models
Variable Mean Standard Deviation
N, 371.765 394.738
Np 63.4118 76.7609
NT 435.176 455.957
Q 12695.3 13464.0
Qs 547.176 744.086
QT 13242.5 14075.3.
R 38.471 44.233
8.41 2.14
E .0055 . 00087
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